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SECTION 4 

NATURE AND EXTENT OF CONTAMINATION 

In order to develop a comprehensive site conceptual model for OU1, it is necessary to characterize 

contaminant sources as well as the nature and extent of contamination in all media. As outlined 

in the Final Phase 111 RFI/RI Work PEan (DOE, 199Oe), the characterization objectives include 

characterizing remaining waste material and adjacent contaminated soils; identifying sources for 

groundwater contamination; determining the vertical and horizontal distribution of chemical and 

radiochemical contamination in surface and subsurface soils; determining the nature and extent of 

groundwater contamination including identification of weathered and unweathered sandstone units 

and the extent of any associated contamination; characterizing analytes and RADS present in 

surface water and sediments along Woman Creek and the SID; implementing data management 

procedures; collecting sufficient data to develop a site conceptual model; and comparing site 

conditions to potential ARARs. These objectives, the activities conducted to meet these objectives, 

and the findings (location in the RF'I/RI Report) are presented in Table 4-1. 

This section evaluates the nature and extent of contamination for soils, air, surface water, 

sediments, groundwater, and biota within OU1. The section has been prepared in accordance with 

Section 3.4.1.3 of Guidance for Conducting Remedial Investigations and Feasibility Studies Under 

CERCZA (EPA, 1988a) and in response to regulatory agency comments received on the draft OU1 

Phase III RFI/RI Report. Section 4.1 presents a discussion of data quality including the data 

management procedures utilized in conducting the Phase III RFWRI. Section 4.2 summarizes the 

methodology utilized to determine contaminants at OU1. A detailed description of the 

methodology and results is provided in Appendix D. For those analytes determined to be 

contaminants, their distribution in all  media is presented in Sections 4.3 through 4.7. Biological 

tissue data gathered for use in the EE are summarized in Section 4.8; the EE is included as 

Appendix E. Section 4.9 summarizes the results of the contamination assessment and media source 

characterization. The site conceptual model, which draws upon all OU1 RFI/RI data to provide 

a framework for understanding the sources and extent of contamination at OU1, is discussed in 

Section 5.1. e 
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To portray the nature and extent of contamination in OU1 subsurface soils, contaminant 

distribution is presented in Sections 4.3.1 through 4.3.9 for each MSS and outside of MSS areas. 

Additionally, because of the waste disposal history associated with the Former Retention Pond 

south of IHSS 102, this area-while not a designated MSS-is discussed separately. The 

discussion of groundwater contamination is subdivided into Building 881, MSS 119.1, MSS 119.2, 

and the Valley Fill Alluvium system because of the unique nature of contamination in each of these 

areas. Contaminant distributions for surface soils, surface water, and sediments are presented by 

analyte group for all locations across OU1. 

Data presented in the tables and on contaminant distribution maps include results for only those 

analytes determined to be contaminants. Appendix D, as summarized in Section 4.2, provides a 

thorough assessment of al l  analytes and presents the rationale for determining which analytes are 

OU1 contaminants. Data for contaminants and other analytes are qualified by the laboratory and 

data validators (refer to Section 4.1.2.1). These qualifiers are defined below. 

Organic Data Oualifiers 

u -  analyzedhot detected 
J - estimated value 
C - pesticide results confiied by gas chromatograpWrnass spectrometer (GC/MS) 
B -  found in sample and associated lab blank 
E -  exceeds calibration rangelvalue estimated 
D -  dilution 
x -  
z -  

estimated valuehterference from another compound 
value cannot be estimatedhterference from another compound 

Inorganic Data Oualifiers 

u -  analyzedhot detected 
B - 

E -  estimated because of interference 
J - estimated 
N -  
S - determined by method of standard additions (MSA) 
* - duplicate out of control limits 

value < contract-required detection limit (CRDL) and > instrument detection 
limit (IDL) 

spike recovery out of control limits 

W - post-digestion spike out of control limits 
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Inorganic Data Oualifiers (continued) e 
I - interference 
+ -  
x -  result by calculation (GF2RASP) 

correlation coefficient for MSA < 0.995 

Validation Codes 

v -  valid 
A -  acceptable with qualifications 
R -  rejected 
B -  found in blank 
E -  value > calibration range 
JA - estimated, acceptable 
u -  not detected at/above method detection limit 

Some RAD data presented in this RFI/RI Report may be negative values. In the analysis of RADS 

the instrument background radiation counts are subtracted from the sample radiation counts. This 

can result in a negative reported value, which, for the purposes of the RFI/RI, can be interpreted 

as nondetection of the RAD. a 
4.1 DATA MANAGEME" AND QUALITY 

4.1.1 Data Manapement 

As discussed in Section 2.1, the nature and extent of contamination as presented in this Final OU1 

Phase 111 RFI/RI Report is based on analytical data collected at OU1 from January 1990 through 

June 1992, with the exception of rejected data. These data are presented in summary tables and 

figures throughout Section 4 and are the data that were evaluated to determine contaminants at 

OU1. This data set is also used in the PHE and EE. Definition and use of this data set for the 

Phase 111 RFI/RI Report was agreed to by the EPA and CDH in a meeting on March 4, 1993. 

Pre-1990 Phase I and 11 chemical data have been reviewed to confirm trends or note contradictions, 

and are also presented separately in the summary tables and figures in Section 4. These data have 

been segregated from the more current data because the quality of the data is largely unknown. 
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Data used for the Phase III RFI/RI Report was extracted from the W E D S .  WEDS is an 

electronic database that houses all environmental data collected at the RFP. Aside from the actual 

data for field samples, data within W E D S  includes field measurements, QC samples, analytical 

results for sample dilutions, etc. Also, W E D S  contains both validated and unvalidated results 

(refer to Section 4.1.2). Before the OU1 Phase 111 RFI/RI data assessment could begin, it was 

necessary to sort the data within W E D S  in order to create unique data files intended to satisfy 

specific data needs, e.g., field sample results for filtered groundwater samples excluding rejected 

data and QC samples. Because W E D S  is a loosely arranged compilation of many types of data, 

the data preparation process is somewhat involved. The overall process from WEDS data 

extraction to creation of the data sets for this report was as follows: 

Stations were identified for which data were needed by referencing the Phase 111 
RFI/RI Work Plan. 

Field and analytical data were extracted from W E D S  for these stations. 

Analytical data were imported into databases. 
metals, RADS, and water quality parameters [WQPs].) 

(Four sets which include VOCs, 

Pre- and post-January 1990 data were segregated for the reasons cited above, and the 
post-January 1990 data set was "capped" by removing any data collected after June 
1992. Identified time period of interest and removed all data outside of time period. 

All results were replaced with corrected results if results had been corrected upon 
validation (validation results are in a separate field). 

Records were examined for completeness: 

- Stations 
- Media 
- Analyte groups and specific analytes 
- Field QC types 
- Laboratory QC types 

Where identical records from W E D S  were loaded into the data set twice (same 
WEDS ID number), one of the records was removed. 

For organics data files, values for which the reported units are 'I % 'I were removed. 
These are surrogate percent recovery values, but were not specifically marked as 
such. 
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9) For organics data files, results for tentatively identified compounds (TICS) were 
removed. These data are discussed separately in Appendix D. 

10) Analyte groups were separated. For example, the VOC data file contained volatile 
and semivolatile organics. The RAD and metals data files contained both unfiltered 
and filtered samples. The water quality data files contained pesticide/PCBs, 
herbicides, semivolatiles (PAHs), and WQPs. These data were separated into nine 
files: VOCs, SVOCs, Total Metals, Filtered Metals, Total RADs, Filtered RADS, 
Water Quality Data, Pesticide/PCBs, and Herbicides (very small and eventually 
eliminated in final station selection process.) 

11) QC data (Matrix Spikes, Laboratory ReplicatedDuplicates, Trip Blanks, Rinsate 
Blanks, Field Duplicates etc.) were separated from the nine files. 

12) A separate file of field duplicates and associated field samples was created from the 
nine data files for subsequent analysis of precision. Also, each duplicate and 
associated field sample was averaged and reinserted into the nine data files. 

13) The presence of "multiple data" (more than one result-record per sample per analyte) 
was assessed. The occurrence of "multiple data" was significant. This appears to 
have been the result of several factors including the following: a) data loaded into 
WEDS upon receipt from the laboratory then reloaded after data-validation process 
into the same field; b) incomplete or incorrect data sets received from laboratory 
loaded into WEDS and reloaded upon receipt of completed/corrected data; c) 
laboratory replicates incorrectly tagged as field samples in electronic data deliverable 
(EDD) from laboratory; d) EDDs were supplied to both WESTON (original keeper 
of the Rocky Flats Database) and to EG&G during the data management transition 
period; consequently, some data may have been entered twice; and e) data were 
entered twice using two different reporting limits (e.g., IDLs and CRDLs). 

14) Multiple data for an analyte for a given sample were eliminated. A program was 
designed to identify and tag multiple data. Elimination of these data was done on a 
step-by-step basis in order to assess the problem and make the best possible data 
selection. The process included the following steps: 

- Where WEDS ID numbers were the same, one of the records was eliminated. 

- If only one of the records was validated, the validated record was selected. 

- If data were exactly the same, one of the records was eliminated. 

- Where results were not the same but values were close, and there was no 
explanation for the differences, the higher result was retained to be 
conservative. 

Final RFURI Phase ID Report 
EG&G, Operable Unit Number 1 
eg&g\oul \fi-ri\sec-4a. jun 

June 1994 
Page 4-5 



- For organics data, the presence of dilution results as cause for multiple entries 
was assessed. There were instances where one compound in a VOC or SVOC 
analysis was higher than the standard curve, so the sample was diluted and 
rerun one or more times to get a "non-estimated" result for that compound. 
Often all three sets of dilution results were included in an EDD from the 
laboratory. Consequently, data sets similar to the following example 
occurred: 

Dilution xl Dilution x10 Dilution xl00 
Benzene 5 u* 50 U 500 U 
Chloroform 25 E 32* 500 U 
Toluene 140 E 155 E 132* 

* Best choice of data to keep in database 

Concentration units for an analyte in a given media were reviewed for consistency 
and appropriateness. W E D S  management personnel were called upon to resolve 
inconsistencies. 

If the result, but not the error term, has been changed by more than 10% during data 
validation of a radiochemical analysis, the RFEDS management personnel resolved 
whether a change in the error term was appropriate. Otherwise, the error term was 
not changed. 

As required for conceptual analysis, the appropriate geologic units for groundwater 
and geologic material samples were entered into the database. This information was 
provided by the project geologist. 

Several instances exist where the concentrations of metals in filtered water samples ("dissolved" 

metals) exceed concentrations in unfiltered samples (total metals). The data have been verified to 

discount laboratory error. A possible explanation may be that two separate samples were analyzed 

for the same station, thus introducing error. It is also possible that laboratory results will not be 

as precise at low concentrations. 

Summary statistics for OU1 (and background) data are provided in Appendix C2. Mean 
concentrations were calculated using the following procedure that minimizes bias resulting from 

1) nondetections with high detection limits and 2) large disparities in data quantity amongst 

monitoring stations: 

Delete all nondetections from the data where the detection limit is greater than two 
times the detection limit identified in the GRRASP (EG&G, 1990~). This procedure 
was suggested by EPA in their review comments on the Background Geochemical 
Characterization Report for 1989-Rocky Flats Plant. 
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Replace all other nondetections with one-half the reported detection limit. 

0 Calculate the mean for the individual stations. 

Calculate the grand mean from the means of the individual stations. 

It should be noted that the summary statistics do not incorporate the "hot spot" data collected in 

1993. Although "hot spot" samples were analyzed for organics, metals, and RADs, review of the 

data indicates that only the RAD activities are atypical of previously collected surface and 

subsurface soil data. Also, the volume of data is small relative to all other Phase 111 surface and 

subsurface soil data. The high activities of plutonium, americium, and uranium, in the "hot spot" 

soils unquestionably indicate these RADs are contaminants. Performance of statistical analyses to 

make this determination would be strictly academic. On the contrary, statistical comparisons of 

OU1 data and background data, exclusive of the "hot spot" data, are instructive in determining 

whether these RADs are otherwise contaminants at OU1. Furthermore, inclusion of the "hot spot" 

radiochemical data in the summary statistics, particularly on an MSS basis as is done in Section 4, 

would overstate the magnitude of contamination at IHSS 119.1. Therefore, "hot spot" data have 

been kept separate from other OU1 chemical data. The "hot spot" data are presented in 

Appendix A5, and are discussed in detail in Section 4.4.2. 

4.1.2 Data Usabilitv Summarv 

The OU1 Phase III RFI/RI was conducted in accordance with the Sitewide Quality Assurance 

Project Plan (EG&G, 1990d) and the SOPS (Rockwell, International, 1989) as amended by the 

Rocky Flats Environmental Management Department Standard Operating Procedures (EG&G, 

1991a). Sampling and analysis activities were implemented using these procedures and all addenda 

to these procedures, as identified in Section 2. 

DQOs were established in the Final 881 Hillside Area Phase 111 RFI/RI Work Plan (DOE, 1990d) 

and detailed in the Quality Assurance Addendum (QAA) to the Work Plan for the OU. DQOs 

were established for each analyte group and each matrix (Le., aqueous, nonaqueous) sampled as 

part of the Phase 111 Work Plan implementation. Per EPA guidance, DQOs are expressed in e 
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quantitative and qualitative terms of precision, accuracy, representativeness, completeness, and 

comparability. These parameters are routinely referred to as the PARCC parameters. 

This section presents a data quality and usability summary for the RFWRI. The data usability 

summary evaluates how the data quality supports or limits the achievement of the prescribed 

DQOs, and how it effects data usability for the RFWRI. Achievement of the individual PARCC 

parameters in relation to matrix, where appropriate, are described along with broad impacts to the 

data sets used for the RFI/RI. 

4.1.2.1 Data Validation 

Analytical data were generated using EPA and other well-established methods identified in the 

GRRASP (EG&G, 1990~). EPA Contract Laboratory Program (CLP) methods and protocols were 

used in the analysis of TAL metal parameters and TCL organic parameters. Methods for non-CLP 

analytes, for example, major ions and RADS, are based on EPA and other published references. 

The analytical data were reviewed and validated independently of the laboratory, and the results 

were documented in data validation reports. EPA data validation functional guidelines were used 

for validating organics and metals data for CLP analytes. Non-CLP analytical data were validated 

using data validation guidelines developed by the Rocky Flats Environmental Management 

Department (EMD) because such guidelines have not been published by EPA. These non-CLP 

guidelines are based on EPA validation functional guideline concepts and tailored to non-CLP 

analytical methods. Methods and guidelines are referenced in Table 4-2. 

Three classes of data quality are used by EMD: 1) V - Valid and usable without qualification; 

2) A - Acceptable for use with qualification(s); and 3) R - Rejected (unacceptable). Valid data 

meet the following objective standards, where applicable: 

"1. analytical methods followed 
2. acceptance criteria achieved 
3. 

"4. QC limits achieved 
"5. 
"6. equipment/instrumentation calibration criteria achieved 
7. sample holding times met 

sufficient number and type of QC samples analyzed 

compounds and analytes correctly identified 

* primary validation criteria 
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Data that are acceptable with qualifications meet most, but not all, of the above standards. At the 

minimum, all of the primary validation criteria are achieved within acceptable limits. Rejected 

data fail to meet primary validation criteria. As shown in Appendix C, analytical results are coded 

with the appropriate data qualifier (V, A, or R) based on the results of the data validation. For the 

purposes of the OU1 Phase 111 RFI/RI, valid and acceptable data were considered of equal utility. 

Rejected data have not been used in any statistical computations or in the PHE and EE. It should 

be noted that data that have not yet been validated have been used out of necessity, Le., to provide 

an adequate quantity of data conceptual analysis and for statistical analysis with an acceptable level 

of confidence. Use of unvalidated data should not reduce the soundness of the conclusions drawn 

because most of the data that have been validated are either valid or acceptable. 

Geologic 
Materials 

Groundwater 

Table G-1, Appendix G, summarizes the Phase III data validation status for OU1 geologic 

material, groundwater, sediments, seep water, surface soils, and surface water. The table below 

provides the percentage of results that have been validated and the percentage of rejected data of 

those results that were validated. Although the validation target for non-QC samples is 100 % and 

the number of samples validated may have changed since data were received, at the time of this 

writing, only 66% of al l  the data had been validated. The low percentage of data validation for 

VOC and metals data are the single largest contributors to a two-thirds overall percent validation, 

e.g., note the low percent validation for VOCs and metals in groundwater, seep water, and surface 

water. 

e 

% Results Validated / % of Validated Results Rejected 

v o c s  s v o c s  PesticideIPCBs Metals R A D S  

7516 7911 49/0 8511 62/23 

4015 8512 9310 6711 721 10 

Seep/Spring 
Water 

Sediments 1 87114 9311 I 9010 I 9311 I 82122 

47/12 100/2 1 0010 4114 12/12 

Surface Soils I * I 9910 I 10011 I 9711 I 43/41 

Surface Water I 4813 I 4511 I 6410 I 53/3 I 72/20 

* Not analyzed 

0 
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With two-thirds of the data having been validated, it is important to note that only 4%  of these data 

have been rejected. Of all the analyte groups, radiochemistry data have the highest percentage of 

rejected data, typically 20% but as low as 10% and as high as 41 % (Table G-1). These rejected 

data have not been used in any conceptual or statistical analysis. The overall low percentage of 

rejected data indicates that use of nonvalidated data to perform conceptual and statistical analysis 

should not compromise the validity of the resulting conclusions. 

Approximately 41 % of the Phase I/II data was validated, and approximately 93 % of the validated 

data was determined to be valid or acceptable. All phase I and 11 data, except rejected data, have 

been used to confirm assessments made from the Phase III data. 

4.1.2.2 Assessment of Data Usability 

Precision 

Precision is a measure of mutual agreement among individual measurements of the same property, 

under identical conditions. Precision is assessed by means of laboratory duplicate/field replicate 

sample analysis. The objective of calculating sampling and analytical precision is to demonstrate 

that reproducibility of measurements between similar samples is acceptable. 

Precision is quantified by calculating the relative percent difference (RPD), Le., the quotient of 

the difference between the duplicate analytical results and the average of those results for the 

given analyte expressed as a percentage: 

% RPD = lOO(C1 - C2)/((C1 + C2)/2) 

where: 

RPD = Relative percent difference 
C1 = Concentration of analyte in the sample 
C2 = Concentration of analyte in the duplicate 
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It should be noted that prior to use in the RFI/RI, field duplicate sample results were averaged to 

compensate for variabilities observed in the results. By averaging the duplicates, a representative 

concentration was obtained, minimizing the effects of potential bias and, in turn, promoting data 

usability. Results of all field duplicate analyses and the calculated RPDs are presented in 

Appendix G. 

Field Precision 

The procedure for collection of field duplicates is dependent on the medium being sampled. With 

respect to groundwater and surface water samples, the field duplicates are collected following the 

actual sample collection using the same sampling technique. For soil samples, it is necessary to 

obtain splits of the interval being sampled, with the sample and duplicate being collected using the 

same technique. 

As mentioned above, the data from the sample and field duplicate provide a measure of the 

sampling precision and sample homogeneity, i.e., the amount of error in the data attributed to 

sampling technique, or to variability in the analyte concentration in the medium being sampled. 

The field precision objective specified in the QAA is to obtain a RPD of I 30 for aqueous 

samples and I 40 for homogeneous, nonaqueous samples. For metals at concentrations near the 

quantitation limit it is acceptable to assess precision of results by the CRQL @e., the precision is 

acceptable if the results fall within f the CRQL of each other) rather than calculating RPD (EPA, 
1988b). This rule for metals has been applied to other analytes as it represents a logical extension 

of the concept. A summary of the degree to which the field precision goals were met is provided 

in Table 4-3. 

0 

With respect to unfiltered (Table G-14) and filtered (Table G-15) aqueous metals, the field 

precision goal was achieved in 92.9% and 98.7% of the duplicate samples (Table 4-3), 

respectively. The metals aluminum, iron, manganese, and zinc show the highest variability in 

these aqueous samples. Aluminum, iron, and manganese (and zinc most likely through adsorption) 

are associated with aluminosilicate clay particles and/or exist as metal oxides. It is noted that the 

variability in the concentrations of these metals is higher for the unfiltered metals than for the 

dissolved (filtered) metals. The variability may be due to the inherent variability of the suspended 
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solids (clays) concentrations in the water. Because the dissolved concentrations are “mechanically” 

defined, Le., that which passes a 0 . 4 5 ~  filter, the variability in the dissolved fraction may simply 

reflect this variability in the suspended solids concentrations. 

Many of the aqueous RAD duplicate sample RPDs (Tables G-16 and G-17) were in excess of 30 %; 

however, the activities observed were at levels indistinguishable from the minimum detectable 

activity and in many cases were negative values. Reproducibility under these circumstances is 

difficult to achieve because of analytical limitations and, therefore, does not reflect poor field 

precision. Considering only the RPD criterion, only 35.4% and 56.4% of the unfiltered and 

filtered duplicates achieved the goal, respectively. However, when considering the CRQL criterion 

(actually MDA for RADS), 93.1 % and 87.2 % of the field precision estimates were acceptable for 

the unfiiltered and filtered RAD duplicates. 

The aqueous field duplicate samples did not contain significant concentrations of volatile, 

semivolatile or PCB/pesticide compounds (Tables G-1 1 through G-13). The calculated RPD 

ranged from 0 to 191 %; however, because of the near-detection-limit observations, this does not 

reflect poor field precision as 98.4% of the RPDs met the precision goal, and 99.8% of the 

duplicates met the precision goal considering the CRQL criterion (Table 4-3). 

Metal concentration reproducibility between field duplicates is usually more difficult to achieve in 

solid matrices because of the inherent heterogeneous nature of the samples. The subsurface soil 

and surface soil sample results were the most difficult to reproduce with an RPD range from 0 to 

183 % (Tables G- 14). Calcium, aluminum, iron, and manganese frequently resulted in RPD values 

in excess of 40% and, to a lesser extent, nickel, barium, chromium, and copper. The RPDs for 

sediment field duplicates were all < 40 % . The field precision goal for the metals in nonaqueous 

samples was attained in 92.6 % of the field duplicates. 

The duplicate analyses for RAD analyses in solid media (Table G-16) were more reproducible than 

the aqueous samples primarily because the activities are higher (Table 4-3). The range of RPDs 

calculated was from 0 to 200 % with an average of approximately 40%. The field precision goal 

for RADS in nonaqueous samples was attained in 88.9% of the field duplicates considering the 

CRQL criterion. 
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Similar to the aqueous sample duplicates, the nonaqueous field duplicate samples did not contain 

significant concentrations of volatile, semivolatile or PCB/pesticide compounds (Tables G- 1 1 

through G-13). The near-detection-limit concentrations adversely affected the precision of the 

analyses. Nevertheless, 97.4% of the duplicates achieved the field precision goal. 

Laboratory Precision 

Laboratory precision is evaluated through the use of laboratory duplicates for inorganic analyses 

and matrix spikes (MS) and matrix spike duplicates (MSD) for the organic analyses. Duplicate 

precision is calculated as RPD; MS/MSD precision is assessed by calculating an RPD between the 

percent recoveries ( %R) observed for the method-specific spiked compounds. Laboratory precision 

goals are mandated by the analytical method for each analyte group and assessed for achievement 

during data validation. Data not meeting the precision goals are normally rejected. 

A review of the validation summary presented in Appendix G, Tables G-1 and G-2 indicates that 

poor analytical precision was not a recurring problem resulting in data rejection. With the 

exception of the radiological analyses, data were not rejected due to precision problems, Le., 

replicate precision was routinely achieved. Only rarely were radiological data rejected due to 

precision-related problems as noted by validation rejection reason citings of replicate analysis not 

performed, replicate precision criteria not met, Laboratory Control Sample (LCS) relative percent 

error criteria not met, etc. (Table G-2). 

0 

Accuracv 

The accuracy of data obtained in an investigation is a function of the sampling technique, potential 

for sample contamination, and analytical capabilities of the laboratory. Accuracy means the 

nearness of a result, or the mean of a set of results, to the true value. Accuracy is assessed by 

analysis of reference samples of known concentration (i.e., LCS), percent recoveries for spiked 

samples, and by review of blank data (i.e., field blanks, trip blanks, method blanks) that may have 

an affect on measurement accuracy. e 
Final RFURI Phase III Repott 
EG&G, Operable Unit Number 1 
eg&g\oul \fi-ri\sec4a.jun 

June 1994 
Page 4-13 



Field Accuracy 

Field accuracy is assessed by comparing sample analyte concentrations to those present in 

associated field QC blanks, which include trip blanks, field blanks, and equipment rinsate blanks. 

Field QC blanks were collected to quantify the analyte concentration in a sample that may be 

attributable to sampling procedures. A trip blank is prepared in the laboratory and follows the 

sample containers to the field and back to the laboratory. It is intended to monitor for volatile 

organics introduced to the samples during sample storage and shipment. A field blank is prepared 

in the field and determines to what extent the sample bottle is a source for the observed analyte 

concentration in a sample. A field blank (or trip blank) is collected by filling a sample bottle with 

laboratory-grade water. Equipment rinsate blanks are used to monitor for sample cross- 

contamination and the effectiveness of the decontamination process. The blanks are collected by 

rinsing decontaminated sampling equipment with laboratory-grade water, placing it in the 

appropriate container, and preserving as required. Tables G3-a through G-loa summarize the 

analytes found in field QC blanks and their detection frequency. Table G-3b through G-lob 

provide the analytical results for the QC blank samples. 

As discussed below, the field and equipment rinsate blank data indicate, with few exceptions, that 

the sampling equipment are not significant sources contributing to the observed analyte 

concentrations in the OU1 samples. This is concluded because of the absence or low 

concentrations of analytes in the blanks relative to the samples. 

As shown in Table G-3a (Appendix G), for VOCs, acetone and methylene chloride were frequently 

present in the field blanks. As noted in the CLP Statement of Work (SOW) for organic analyses, 

these are common laboratory solvents and are often inadvertently introduced into samples from 

exposure to the laboratory atmosphere. In accordance with CLP protocol for data validation, the 

data validators assess whether the occurrence of these compounds in samples is due to laboratory 

contamination by comparing the sample results to laboratory blank results, and drawing their 

conclusions based on the magnitude of the difference. In some cases, it was determined that the 

occurrence of these compounds in the samples was laboratory artifact (datum is qualified with a 

U), but in many others cases, the data validators determined that these compounds may actually 

be present in the samples, even though also present in the laboratory blank (datum qualified with 
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a B). The frequent occurrence of these compounds in the field QC blanks (68% and 48% for 

acetone and methylene chloride, respectively), at magnitudes as high as 36 micrograms per liter 

(pg/Z) (Table G-3b, Appendix G), strongly suggests that these compounds are not site 

contaminants, regardless of the validation qualifier on the field samples. Background data and 

other observations of the samples support this conclusion and are discussed further in Appendix D. 

0 

With respect to SVOCs, Table G-4a (Appendix G) indicates that phthalates occurred most 

frequently in the field QC blanks, albeit at low frequencies (approximately 10% of the samples) 

and low magnitude (1 to 17 pglt) (Table G-4b, Appendix G). The CLP recognizes phthalate esters 

as common laboratory contaminants arising from plasticizers and sample contact with plastics. As 

discussed in Appendix D, these data together with other supporting data indicate that phthalates 

are not site contaminants, but rather, their presence in field samples indicates laboratory or field 

sampling artifact. 

As shown in Table G-5 (Appendix G), pesticide/PCBs did not occur in the field QC! blanks. 

Comparison of CRQLs and the concentrations of metals, RADS, and WQPs in the field QC blanks 
0 

(Tables G-6 through G-10) indicates that, with few exceptions, concentrations in these blanks are 

below the CRQL, indicating the field sample data are not biased due to laboratory- or sampling- 

introduced contamination. The primary exceptions are total dissolved solids (TDS), major cations 

and anions, aluminum, and iron for field QC blanks SW80017WC and SW80072WC, which are 

surface water blanks. A comparison of the concentrations in the blanks with the concentrations 

in field samples collected with the blanks indicates that their magnitudes are similar. It is 

speculated that these field QC blank samples were mislabeled. ' These two "out-of-control" QC 

results do not alter conclusions drawn regarding surface water chemistry because of the numerous 

other supporting field samples and "in-control" QC samples. 

In conclusion, with few exceptions the magnitude of the analyte concentrations observed in the 

blank samples are inconsequential in relation to the analyte concentrations observed in the field 

samples. The frequency of detection of analytes in the blank samples is also relatively low. 

Therefore, inadequate field accuracy was not a factor compromising the usability RFI/RI data. a 
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Laboratory Accuracy 

Accuracy of the chemical laboratory data is assessed through the calculation of %R from MS 
samples for inorganic analytes, MS/MSD samples for organic analytes, and any in-house or blind 

certified standards (Le. , LCS) that the laboratory analyzes as part of its ongoing QA/QC program. 

Acceptable recovery for the inorganic MS samples is routinely 75 to 125 % . The %R for the 

organic MS/MSD analyses is mandated by the analytical method for the specific spiked 

compounds. Acceptable accuracy of the LCS is %R between 80 to 120%. Use of method blank 

analyses in the laboratory also assists in assessing the analytical accuracy. All of these measures 

of analytical accuracy are evaluated during the method data validation process. When analytical 

accuracy goals are not achieved, data are normally rejected. 

An evaluation of the validation summary presented in Appendix G, Tables G-1 and G-2, indicates 

rejection of data is often associated with accuracy problems. Most of the reason codes cited for 

data rejection are related to accuracy. However, as discussed in Section 4.1.2.1, only 4% of the 

validated data have been rejected; radiochemistry having the highest percentage of rejected data. 

As shown in Table G-2 (Appendix G), radiochemistry data were often rejected because calibration 

verification criteria were not met, LCS recovery criteria were not met, or LCS &ta were not 

submitted, etc. 

Representativeness 

Representativeness expresses the degree to which sample data accurately and precisely represent 

a characteristic of a population, parameter variations at a sampling point, or an environmental 

condition. Representativeness is a qualitative parameter that is most concerned with proper 

network design, sampling locations, and the sampling methods. 

Representativeness of the extent of contamination in OU1 media is supported by the extensiveness 

of the phased sampling efforts to characterize the OU. The Phase III RFI/RI Work Plan was 

designed based on the data needs identified in two previous RI phases. The sampling activities 

were designed and conducted to maximize the use of existing wells and optimize the network by 

new well placement. Representativeness is considered in project planning and supported by the 
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Phase 111 RFI/RI Work Plan, QAA, and associated operating procedures. The plans and 

procedures are reviewed and approved by appropriate technical and agency representatives. As 

a result, the network and sampling design for the Phase 111 RFI/RI are assumed to be 

representative of site conditions. 

0 

Comparabilitv 

Comparability is used to express the confidence with which one set of data can be compared to 

another set. Comparability is promoted by using similar sampling and analytical methods and 

reporting data in uniform units. To achieve comparability of data, all analyses prescribed in the 

Work Plan and performed in support of the Phase III RFI/lU are EPA-accepted or equivalent 

methods. Comparability of the data supporting the Phase III has also been promoted by using 

approved and standardized sampling techniques. The data are reported in uniform units: pg/t, 

micrograms per kilogram (pg/kg), picocuries per liter @Ci/t), and picocuries per gram @Ci/g); 

however, variations in the quantitation limits are indicative of the differing analytical methods used 

for the previous investigations versus the Phase 111 RFI/RI. This observation is most notable for 

the volatile organic analyses where a low-detection-limit method was prescribed to better evaluate 

the contamination at OU1. A demonstration of the comparability of the data is the general 

consistency in the results between Phase I, II, and 111 for all media sampled, as discussed in 

Sections 4.3 through 4.8 of this RFI/RI Report. 

0 

Completeness 

The objective for completeness is that the investigation provides enough planned data so that the 

objectives of the project are met. Completeness for the Phase 111 RFI/RI is evaluated by 

comparing the planned to the actual number of samples collected and analyzed. The analytical 

results should be validated and deemed valid or acceptable to be considered in an assessment of 

completeness. The overall completeness goal for the project is 90 % . 

It is difficult to quantify completeness in strict accordance with the above-noted guidelines. For 

example, over 30% of the data was not validated (but is considered usable for the reasons set forth 

in Section 4.1.2. l), the frequency of groundwater and surface water sampling was not specified, 
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the number of samples collected from boreholes is based on the conditions encountered, etc. 

Therefore, a simpler, albeit less accurate, approach to quantifying completeness has been taken to 

perform the assessment. Table 4-4 summarizes the number of planned sampling locations and the 

number of locations actually sampled during the Phase III RFI/RI. For the most part, the number 

of samples collected and types of analyses performed at each sampling location were as specified 

in the Work Plan. Samples not collected (or sampling stations not installed) were due to 

extenuating circumstances related to cultural features preventing access, unexpected geologic 

conditions (e.g., insufficient depth of colluvium for colluvial well construction), weather (e.g., 

frozen surface water), etc. As shown in Table 4-4, the RFI/RS data are approximately 87% 

complete. 

4.2 PROCEDURES FOR DETERMINATION OF CONTAMINANTS AT OU1 

4.2.1 Overview 

Before a meaningful site conceptual model can be developed that presents a framework for 

understanding contaminant sources and their distribution in the various media at OU1, it is first 

necessary to determine which of the chemical analytes that have been measured are actually 

contaminants. At every hazardous waste site, including OU1, a myriad of chemicals are analyzed 

for in the various media. Not all chemicals are detected, and of those detected, only a subset 

actually represents contaminants. The OU1 RFI/RI investigations have generated considerable data 

for many inorganic and organic analytes. Of these analytes, only two chemical classes were 

expected to be present as contaminants based on historical waste disposal activities: VOCs 

(chlorinated solvents) and RADS @lutonium, americium, and uranium). Other analytes were 

measured to provide a basic geochemical characterization of the environmental media and/or to 

c o n f i i  that other classes of analytes are not present at levels that constitute contamination. All 

of the Phase III chemical data, for both "expected" and "unexpected" contaminants, were carefully 

assessed to determine which analytes are actual contaminants at OU1. The assessment included 

statistical comparisons of OU1 concentrations to background, examination of spatial and temporal 

concentration distributions at OU1, and evaluation of the potential for laboratory-introduced sample 

contamination. 
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The concentration of an analyte is one factor in determining if the analyte is a contaminant. 

Whether the concentration of an analyte, particularly inorganic parameters, is deemed high or low 

is in relation to the background concentration. This is because, with few exceptions, the inorganic 

parameters analyzed also occur naturally (e.g., iron, lead, uranium, etc.). 

For several years, a background geochemical characterization program has been in progress for 

RFP. This program has quantified the spatial and temporal variations in inorganic analytes in 

soils, groundwater, and surface water in areas near the plant that are undisturbed by plant 

operations. Data and summary statistics for organic analytes also exist for surface water, 

groundwater, and sediments. The latest report summarizing the results and findings from the 

program was issued in September 1992 and is titled the Background Geochemical Characterization 

Report, Rocky Flats Plant, Golden, Colorado (EG&G, 1992f). EPA and CDH have been 

continuously involved in the background geochemical characterization program. The 1992 report 

incorporates their comments and suggestions on data presentation and analysis based on their 

review of previous submittals. The data in this document is recognized by the regulatory agencies 

as being the basis for statistical comparisons to OU data. The data and statistics provided in this 

report have been used to determine the analytes, by medium, that exceed background 

concentrations at OU1. 

0 

The background program did not include characterization of surface soils. Background surface soil 

data were collected from the Rock Creek drainage west of the plant under a separate program 

described in Technical Memorandum 5 for OU1. SVOC, pesticide/PCB, metal, and RAD data 

were collected for the background surface soils. All data generated from this program are 

presented in Appendix C1. These data are the basis for determining the analytes that exceed 

background concentrations in surface soil at OU1. 

Two methods were used to compare OU1 and background analyte concentrations: one-way 

ANOVA to compare means; and comparison of each OU1 datum to the upper limit of the 

background tolerance interval (upper tolerance limit [UTL]). The tolerance intervals are provided 

in the background report for each medium (and subpopulation within each medium, e.g., colluvial 

groundwater) and are 95 % tolerance intervals, i.e., 95 % statistical confidence and including 95 % 

of the population. The background UTLs (or maximum background concentrations [when there 
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were less than 50% detections]) for each analyte and for each medium (and geologic unit within 

a medium) are shown in Table 4-5. This table also provides the UTLs or maximum concentrations 

for the background surface soil data collected in the Rock Creek drainage pursuant to Technical 

Memorandum 5. A detailed description of the statistical methods used to compare OU1 and 

background data and a presentation of the findings are in Appendix D. It is noted that the 

statistical comparisons were only performed for inorganic analytes as the organic analytes, for the 

most part, are presumed to not be naturally occurring. Summary statistics for background and 

OU1 data are provided in Appendix C2. 

The statistical comparisons revealed that many inorganic analytes occur at concentrations that are 

higher than background. These included all of the human-nutrient and rock forming elements such 

as calcium, magnesium, potassium, sodium, iron, manganese, and aluminum. Because it is 

unlikely that so many elements are actual contaminants at OU1, the spatial and temporal 

(groundwater and surface water) distributions of concentrations at OU1 for those analytes 

exceeding background were examined to determine if the distributions were indicative of 

contamination arising from waste sources at OU1. The potential for artifact due to laboratory 

contamination of samples was also evaluated. Details of this evaluation are provided in 

Appendix D. 

For organic analytes, it was assumed, as a starting point, that their presence in samples from OU1 

was indicative of contamination as these compounds generally are not present naturally in the 

environment. Many organics were detected in samples from OU1 from all analyte classes: VOCs, 

SVOCs, and pesticides/PCBs. Some of these were only rarely detected and in remote locations. 

Others were detected ubiquitously. Because the potential exists for laboratory-introduced 

contamination and/or analytical error, the spatial, temporal, and laboratory contamination 

considerations mentioned above were examined to determine which of the organic analytes present 

in OU1 samples were actually OU1 contaminants. Details of the evaluation of organic data are 

also presented in Appendix D. 

In general, an examination of spatial and temporal concentration distributions to determine if 

analytes with significantly higher site concentrations (relative to background) are contaminants is 

necessary because the statistical conclusions are based on background characterization data which 
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are never completely representative of natural conditions, and, furthermore, all statistical models 

suffer from Type I errors, i.e., rejecting the null hypothesis (the null hypothesis is no difference 

between background and site concentrations) when, in fact, it should be accepted. Any errors in 

the background characterization, be they programmatic or due to sampling and analysis, will be 

reflected in an inaccurate assessment of contamination at the OUs. At RFP, additional uncertainty 

in statistical results is introduced due to the large number of background subpopulations that have 

been defined which exacerbates the problems identified above. By not using scientific reasoning, 

the potential exists for many analytes to be characterized and graphically portrayed as contaminants 

when, in fact, they are not. This has potential serious ramifications in the risk assessment should 

analytes that are not actual site contaminants be included as COCs and should analytes that are 

actual site contaminants not be considered for inclusion as COCs. There is also potential for 

improper selection of remedial alternatives in the FS . 

' 

4.2.2 Results 

0 Based on the foregoing analysis that is presented in detail in Appendix D, analytes within the 

chemical classes VOCs, SVOCs, pesticide/PCBs, metals, and RADS have been determined to be 

contaminants at OU1 (Table 4-6). As noted in the table, none of these contaminants is present in 

every medium. As expected, chlorinated solvents (VOCs) and RADS are contaminants at OU1. 

Unexpected contaminants at OU1 are selenium and vanadium in groundwater, and PAHs and PCBs 

in surface soils. It is possible that the selenium and vanadium are naturally occurring, but their 

high concentrations and the lack of sufficient data to demonstrate their natural occurrence has 

resulted in selenium and vanadium being retained as groundwater contaminants. The PAHs occur 

throughout OU1 including areas outside IHSSs. Their distribution in surface soils is not indicative 

of contamination originating from an OU1 waste source. Nevertheless, their absence in 

background surface soils and frequent occurrence in surface soils at OU1 indicate they are 

contaminants at OU1. Although asphalt and residues from a fire were disposed of at MSS 130 

and may account for some of the PAHs detected in subsurface soils, the fact that the wastes are 

buried suggests they are not the source for PAHs distributed across OU1. The PCB contamination 

is localized and occurs at low levels. Because PCB contamination exists elsewhere at W P ,  it was 

not possible to definitively conclude that PCBs are not contaminants at OU1. The distribution of 

contaminant concentrations in the various environmental media at OU1 is the subject of the 
@ 
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remainder of this section. For easy reference, Table 4-7 lists the analytes determined not to be 

contaminants. Tables 4-8 through 4-36 summarize the contaminants detected in the various media. 

Figures 4-1 through 4-36 depict the contaminant distributions. 

4.2.3 Toluene Distribution 

Toluene has been listed as a contaminant of OU1, although the evidence for this determination is 

ambiguous. The distribution of toluene in subsurface soils, surface water, sediments, and 

groundwater is portrayed in the tables and figures throughout Section 4. However, rather than 

continuously reiterate the same interpretation of the toluene data, a summary of the occurrence of 

toluene at OU1 is presented here to provide a single point of reference in this document for 

characterization of toluene at OU1. The distribution of toluene is therefore not discussed 

subsequently in Section 4. 

Toluene was detected in samples obtained from subsurface soils, groundwater, sediments, and 

surface water at OU1. The ubiquitous occurrence of toluene in OU1 media, particularly in 

subsurface soils, and the absence of concentration gradients indicating a source for toluene 

contamination, suggests toluene is an artifact of laboratory or field sampling' introduced 

contamination. However, the laboratory and field blank data (refer to Section 4.1.2 and Appendix 

G) do not support this premise even though toluene was occasionally detected in the blanks. A 

discussion of the occurrence of toluene in the various OU1 media is presented below. 

4.2.3.1 Groundwater 

With respect to groundwater, toluene was detected in 10% (21 detections) of the 210 groundwater 

samples obtained from the 46 monitoring wells at OU1 (refer to Tables 4-30 through 4-36). Eight 

of the 46 wells had a detection of toluene during at least one sampling event: 
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DetectionsISample 
Events 

0974 
4387 
4987 
37791 
37991 
6486 
6286 
34791 

919 
4111 
111 
113 
113 
115 
3/10 
113 

Concentration 
% Detection Range (unl!) 

100% 
36 % 

100 % 
33 % 
33 % 
20 % 
33 % 
33 % 

32-270 
15-40 
0.42 
0.2 
1.1 
0.24 
0.27-5 .O 
.59 

The highest concentrations of toluene in the groundwater were detected in monitoring wells 0974 

and 4387 in IHSS 119.1. Groundwater chemistry at these two wells exhibits obvious 

contamination with chlorinated solvents. The remaining detections are all  at concentrations below 

1.1 pg/f, and, with the exception of well 6286 which had three detections, toluene was not 

detected at any other well when resampled. Although the data do not provide unambiguous 

evidence of toluene groundwater contamination, to be conservative, it was retained as a 

groundwater contaminant largely because of its higher frequency and magnitude of occurrence in 

wells at IHSS 119.1. 

4.2.3.2 Surface Water 

Toluene was detected in nine samples from seven locations at OU1. However, toluene was 

confirmed at only one station, SW068, where the highest concentration (5 pgll) was reported 

(refer to Figure 4-22). The lack of persistence of this contaminant in surface water, combined with 

low concentrations (at or below the detection limit of 5 pg/f) and its detection at upgradient station 

SW039 suggest that if toluene is actually present in the surface water at OU1, it may not be 

attributable to OU1 activities. Nevertheless, it has been retained as a surface water contaminant 

because it was determined to be a groundwater contaminant. This is consistent with the 

methodology for determining organic contaminants at OU1 (refer to Appendix D). 

4.2.3.3 Subsurface Soils 

Toluene was detected in 97% of the 437 subsurface soil samples obtained from OU1 (refer to 

Tables 4-8 through 4-17 and Figures 4-3 through 4-13). The toluene detections in the subsurface 

soils are generally uniformly distributed throughout OU1, in both source areas and nonsource 
0 
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areas. The higher concentrations (> 700 pg/kg) occurred in samples from boreholes that did not 

target specific IHSSs. Concentrations were generally less than 300 pg/kg in most subsurface soil 

samples. At IHSS 102 (Oil Sludge Pit), toluene was detected in the subsurface soil samples 

obtained from the five boreholes within 50 feet of the IHSS at concentrations in excess of 100 

pg/kg with the highest concentrations in the intervals shallower than 10 feet below ground surface. 

In the soil samples obtained from boreholes farther downslope the concentration of toluene 

decreases to below 100 pg/kg for all  samples in each borehole. Although this trend is noted and 

toluene is a potential contaminant of the oil sludge disposed at IHSS 102, the widespread 

occurrence of toluene in subsurface soils outside the IHSS with no clear concentration gradients 

indicating a definitive source at IHSS 102 does not support that toluene is a contaminant of 

subsurface soils in this area. At IHSSs 103, 104, 119.1, 119.2, 130, and in the vicinity of 

Building 881, toluene was detected in many of the subsurface soil samples. Disposal of toluene 

is not documented for these IHSSs (CDH, 1991a, 1992; DOE, 1992d). In addition to the lack of 

a disposal history for toluene at these MSSs, no sitewide trends are obvious in the vertical and 

horizontal distribution of the toluene concentrations. 

It is interesting to note that toluene was detected in two subsurface soil samples, both from 

borehole 5787, during the Phase 11 RFI/RI. This suggests laboratory or field sampling artifact 

regarding toluene in the Phase III data. Toluene is recognized as a common laboratory 

contaminant by EPA (EPA, 1990a); however, if the toluene detected at OU1 were a laboratory 

artifact, then toluene would be expected to be present in the laboratory blanks and the result would 

be qualified ("B" qualified data). This is not the case with the subsurface soil data, for only 25 

of the 437 subsurface soil samples are qualified with a "B. Similarly, toluene showed up in a low 

percentage of the field blanks and at low concentrations, which does not support field sampling 

introduced contamination. 

The lack of concentration gradients, absence of information regarding disposal of toluene, the 

absence of toluene in Phase 11 samples, and the lack of any association of toluene with other 

contaminants suggest toluene is not a contaminant of subsurface soils. It was hypothesized at one 

time that Coherex, a dust suppressant used in the earlier RFI/RI field investigations, was the source 

of the toluene. However, chemical analysis of Coherex indicates toluene is not a component of 

this material. Although the field data do not portray toluene as a subsurface contaminant arising 
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from obvious sources, the laboratory and field blank data do not indicate laboratory or field 

sampling artifact. Therefore, to be conservative, toluene was retained as a subsurface soil 

contaminant. 

e ' 

4.2.3.4 Sediments 

Lastly, toluene was detected at an estimated concentration above the instrument detection limit but 

below the detection limit identified in the GRRASP during one sampling event in two sediment 

samples (SED037 and SED039); however, toluene was not observed when these sediment stations 

were resampled. The low, inconsistent nature of the detections of toluene in the sediment stations 

casts doubt on the actual presence of toluene in the sediments at OU1. However, consistent with 

the OU1 contaminant screening process, toluene was retained as a contaminant of the sediments. 

4.3 SUBSURFACE SOILS WITHIN IHSSs 

0 Phase III RFI/RI subsurface soil samples were analyzed from 91 borehole locations across OU1 

(Table 2-5, Figure 4-1). Soil samples collected below a 1/4-inch depth from ground surface are 

considered subsurface soils as described in Section 2.6. The results of the laboratory analyses 

performed on these samples provide the basis for defining the nature and extent of contamination 

in the subsurface soils within the 11 IHSSs and intervening areas in OU1. 

Two distinct types of subsurface soils, composite and discrete samples, were obtained during the 

Phase III field program. Composite samples were obtained over 6-foot intervals throughout the 

depth of each borehole. Analyses performed on composite samples included SVOCs, 

pesticides/PCBs, RADS, metals, and WQPs as previously discussed. SVOCs were not analyzed 

at all borehole locations based on the strategy presented in Technical Memorandum 1, an 

addendum to the OU1 Phase III RFI/RI Work Plan. Based on the results from composite samples, 

only the RADS (plutonium, americium, and uranium) and the PAHs were identified as 

contaminants of subsurface soils as described in Section 4.2. No metals were identified as 

contaminants in the subsurface soils. Discrete samples were analyzed for VOCs and were obtained 

at all borehole and monitoring well locations by using a California sampler. The 3-inch samples 

were obtained at an initial 2-foot depth and at every 4-foot interval thereafter throughout the depth 
0 
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of each borehole down to the water table. Several VOCs have been identified as contaminants of 

subsurface soils (Table 4-6). 

The nature and extent of subsurface soil contamination is discussed and presented graphically for 

each IHSS and for nonsource areas. Only the results for those analytes identified as site 

contaminants are presented in this section. Following the discussion of the Phase III results for 

each IHSS, which includes the French Drain borehole data, Phase I and 11 soil sampling results 

have been used to supplement the Phase III results in evaluating the nature and extent of 

contamination. 

Before discussing subsurface Contamination at each MSS, it is useful to view this contamination 

globally throughout OU1. This permits identifying any IHSS with unique subsurface contamination 

with respect to either magnitude or type. As shown in Table 4-8, subsurface contaminants at OU1 

include chlorinated solvent and aromatic VOCs, PAHs, and R A D s  (plutonium, americium, and 

uranium). Examination of the OU1-wide summary indicates that, with the exception of toluene, 

organics were infrequently detected. (Toluene is discussed in Section 4.2 and Appendix D.) Of 

the organics, the chlorinated solvents occur least frequently and in the lowest concentrations. 

PAHs occur somewhat more frequently and are present in somewhat higher concentrations. Of 

the RADs,  plutonium and americium occur above background the most frequently. Examination 

of the IHSS summaries shows that IHSS 119.1 is the location where most of the chlorinated solvent 

detections occur. As discussed subsequently, this is consistent with the fact that this IHSS has the 

highest groundwater contaminant concentrations. IHSS 130 tends to have most of the PAH 

detections, which is consistent with disposal of soils and debris from fires (PAHs are products of 

organic combustion). With respect to the RADs,  in particular plutonium and americium, the 

highest activities are at IHSSs 130, 119.1, and 119.2. As discussed later, this appears related to 

surfkial contamination originating from the 903 Pad Area and possibly from RAD hot spots within 

IHSSs 119.1 and 119.2 (see Section 4.4.2). R A D s  at the 903 Pad and hot spots are attributed to 

historical releases of RAD-contaminated wastes from barrels stored on the land surface. Lastly, 

MSSs 102, 103, and 104 and the areas noted as vicinity of Building 881, Former Retention Pond, 

and nonsource areas, are relatively noncontaminated. 
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4.3.1 Oil Sludge Pit Site (IHSS 102) 

Nonradioactive oil sludge was cleaned from the two No. 6 fuel tanks located south of Building 881 

(MSSs 105.1 and 105.2) in the late 1950s and disposed in a 25-foot by 80-foot pit south of 

Building 881 (Rockwell, 1987b; DOE, 1991b). This pit has been designated IHSS 102. Thirty 
to 50 drums of the material were reportedly disposed in the pit that appears in a 1955 aerial 

photograph of the area (Figure 1-3). In the photograph, the pit measures approximately 40 feet 

by 70 feet and appears approximately 500 feet south of Building 881. Seepage from the pit is 

visible and appears to be directed toward a small pond (discussed in Section 4.3.8, Former 

Retention Pond) near Woman Creek. The pit was subsequently backfiied (DOE, 1991b) and is 

not visible in the 1959 aerial photographs. 

In the Phase 111 RFI/RI, eight boreholes were drilled adjacent to and downgradient of IHSS 102. 

The chemical data collected from these borehole samples as well as from Phase I and 11 and local 

French Drain boreholes are presented in Figure 4-2. Table 4-9 presents summaries of these data 

0 ~ ~ I H s s  102. 

4.3.1.1 Volatile Organic Compounds 

The only VOCs identified as site contaminants detected in the subsurface soils at IHSS 102 were 

toluene and trichloroethene. Tricholorethene was detected in only one subsurface soil sample from 

borehole 31091 (from the 5.75- to 6.00-foot-depth interval) at an estimated concentration 35 pg/kg 

below the detection limit. The isolated detection of trichloroethene at an estimated low 

concentration does not appear to be related to contamination associated with activities at IHSS 102 

or at OU1 because it was not detected elsewhere in this borehole or any other borehole at 

IHSS 102. 

One Phase II borehole (BH0687) and two French Drain boreholes (BH301490 and BH301590) were 

drilled and sampled in the vicinity of MSS 102. No VOCs were detected in the Phase II borehole 

which is upslope of the IHSS. The two French Drain boreholes were located within 50 feet of the 

IHSS and both contained concentrations of toluene in excess of 100 pg/kg with decreasing a 
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concentrations with depth. These data are consistent with other results obtained from the Phase III 
RFI/RI. A discussion of the distribution of toluene in subsurface soils is presented in Section 4.2. 

4.3.1.2 Polynuclear Aromatic Hydrocarbons 

PAHs were detected in one subsurface soil sample collected from 37391 at 0 to 6 feet. Three 

compounds, naphthalene, phenaturene and pyrene, were present at estimated concentrations below 

the detection limit. 

4.3.1.3 Radionuclides 

Americium, plutonium, uranium-235, and uranium-238 were the only RADS identified as site 

contaminants detected above the UTL in one or more subsurface soil samples obtained during the 

Phase III RFWRI. The distribution of these four RADS is not indicative of a widespread 

contamination at this IHSS because the detections above the UTL tend to be spatially isolated both 

vertically and horizontally. Americium was detected just above the UTL (0.019 pCi/g) in the 6- 

to 12-foot depth interval from borehole 31891, and in three intervals from B301490 at MSS 102. 

Three subsurface soil samples contained concentrations of plutonium above the UTL (0.017 pCi/g). 

Of these, two were at the near surface (less than 6 feet below ground surface), and one was from 

30 to 36 feet below ground surface, each in different boreholes. Activities were just above the 

UTL. Uranium isotopes were detected above the UTL in eight soil samples from four borings. 

This included borehole 31091 where uranium-238 was detected above the UTL in each of the four 

sampled intervals. However, all activities are near the UTL, and the distribution of activities does 

not suggest MSS 102 as a source of uranium contamination. * 

The only RAD detected above the UTL in the Phase 11 subsurface soil sampling was americium. 

Americium was detected above the UTL in each of the four samples analyzed from BH0687. The 

activities were significantly higher than those recorded from the Phase III RFI/RI samples, in fact, 

the mean is two orders of magnitude higher than that calculated for Phase III samples. This 

inconsistency with the Phase III data is suggestive of possible analytical problems. (These data 

have not been validated, and the borehole does not penetrate the IHSS.) 
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4.3.1.4 Summary 

The oil sludge disposed at this IHSS was reportedly from the cleaning of No. 6 fuel oil tanks in 

the 1950s and did not contain radioactive materials. However, only isolated, low concentrations 

of chlorinated solvents, PAHs, and RADS occur at this IHSS. The IHSS subsurface soils appear 

to be largely uncontaminated. This suggests that waste disposal at MSS 102 has not caused 

subsurface contamination and is not a source for groundwater contamination. 

4.3.2 Chemical Burial Site (MSS 103) 

IHSS 103, southeast of Building 881, was reportedly used to bury chemicals (DOE, 1986, 1991b). 

The exact location, dates of use, disposal history, and contents of this IHSS are unknown. Aerial 

photographs taken in 1963 indicate a circular pit, located approximately 150 feet southeast of 

Building 881, measuring about 50 feet in diameter filled with liquid. 

0 During the Phase III RFI/RI, five boreholes were drilled and sampled in the vicinity of IHSS 103. 

One of the boreholes (32191) was drilled inside the approximate boundary of the IHSS, one 

downslope, and the other three upslope of the IHSS. The data for the site contaminants identified 

in the subsurface soils obtained at IHSS 103 are summarized on Table 4-10 and portrayed on 

Figure 4-3. 

4.3.2.1 Volatile Organic Compounds 

The only chlorinated solvent contaminants detected in the subsurface soil samples obtained from 

the boreholes drilled at IHSS 103 were tetrachloroethene and trichloroethene. Both 

tetrachloroethene and trichloroethene were detected at low concentrations (12 pg/kg) in one discrete 

sample (9.75- to 10.00-foot-depth interval) from one borehole (32191) (Figure 4-3). These 

concentrations are not indicative of contaminant source material. No Phase I or II or French Drain 

boreholes were drilled in the vicinity of this IHSS. 
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4.3.2.2 Polynuclear Aromatic Hydrocarbons 

PAHs were detected in two of the subsurface soil samples from borings 36791 and 36891. The 

concentrations for each of the three compounds found were at estimated concentrations below the 

detection limit. 

4.3.2.3 Radionuclides 

Plutonium was the only RAD that exceeded the UTL in any of the subsurface soil samples 

collected at this IHSS. Plutonium was detected above the UTL in only two boreholes (36791 and 

36991) upslope of this IHSS; both occurrences were in the 0- to 6-foot-depth interval (Figure 4-3). 

The vertical distribution of plutonium indicates a near surface source not associated with IHSS 103. 

4.3.2.4 Summary 

Based on the Phase 111 RFI/RI data, IHSS 103 does not appear to be a source for contamination. 

The samples from the one borehole that penetrated the IHSS showed only trace concentrations 

(<15 pglkg) of chlorinated solvents at only one depth. PAHs were present at estimated 

concentrations below detection limits in two samples. The distribution of the low plutonium 

activities, although above background, suggests a near surface source not associated with 

IHSS 103. 

4.3.3 Liquid Dumping Site (IHSS 104) 

An area east of Building 881 was reportedly used for disposal of unknown liquids and empty drums 

prior to 1969 (DOE, 1986). One reference describes the disposal of nine bottles of nickel carbonyl 

and one can of iron carbonyl in a pit east of Building 881 (DOE, 1991b). The IHSS location was 

identified on a 1965 aerial photograph as a discolored area of approximately 50 feet by 50 feet 

(Rockwell, 1988a). However, further review indicated that the discolored area may actually be 

a shadow on the photograph. A geophysical survey of MSS 104 did not detect magnetic anomalies 

in the area, and, thus, reports of the disposal of empty drums in IHSS 104 appear to be incorrect. 
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It is possible that the reported waste disposal associated with this IHSS occurred instead at a IHSS 103. 

During the Phase III RFI/RI, one borehole (36591) was drilled and sampled within the boundaries 

of IHSS 104. A summary of the site contaminant data for the subsurface soils is presented in 

Table 4-11. Figure 4-4 portrays the chemical data for the subsurface soils. 

Plutonium was the only RAD contaminant detected above the UTL in the borehole at this IHSS. 

Chlorinated solvent contaminants were not detected. Plutonium was detected above the UTL in 

only one sample (0- to 6-foot-depth interval). The vertical distribution of plutonium activities 

indicates a near surface source not associated with this IHSS. No Phase 11 boreholes were drilled 

in the vicinity of this MSS. The chemical data indicate IHSS 104 is not a source for RAD 
contamination. 

A wide range of PAH compounds was detected in one of three samples collected from this 

borehole. These were present in high concentrations from the 0- to 6-foot composite sample, and 

suggest some shallow localized contamination. 
0 

4.3.4 Multiple Solvent Spill Site (IHSS 119.1) 

Beginning in 1967, IHSS 119.1 (and 119.2) was used for scrap metal storage and as drum storage 

areas. Both areas expanded between 1967 and 1971, and all drums were removed by 1972. The 

drums contained unknown quantities and types of solvents and wastes (Rockwell, 1988a). IHSS 

119.1 is the westernmost area. 

During the Phase III field investigation, 13 boreholes, 5 wells, and 2 piezometers were drilled and 

sampled within the boundaries of IHSS 119.1. Two additional boreholes and two additional 

monitoring wells were drilled and sampled downslope of the IHSS. The site contaminant data for 

the subsurface soils at these locations are summarized on Table 4-12 and graphically portrayed on 

Figures 4-5 through 4-10. a 
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4.3.4.1 Volatile Organic Compounds 

The chlorinated solvent contaminants detected in the subsurface soils at IHSS 119.1 are carbon 

tetrachloride, 1 1 1-trichloroethane, 1 , l  -dichloroethene, tetrachloroethene, and trichloroethene. 

These contaminants were present in borehole samples from three boreholes in the southwest portion 

of the IHSS (Figures 4-5 through 4-10). The contaminants were also detected in the deepest 

intervals sampled in these boreholes. These data, together with the data indicating high 

concentrations of these chlorinated solvents in groundwater in this vicinity, suggest a source(s) for 

these contaminants exists in this area. However, the low concentrations of VOCs in soils indicate 

that the source(s) have not been sampled. This is discussed further in Sections 4.7 and 4.9. 

All but two of the occurrences of chlorinated solvents in Phase II data were found in samples from 

BH5787 (Figure 4-5). These data are in agreement with the results of the Phase III RFI/RI. 

4.3.4.2 Polynuclear Aromatic Hydrocarbons 

PAHs were detected in one subsurface soil sample from 34991, from a depth of 0 to 6 feet. 

Concentrations were at estimated levels below the detection limits. PAHs were detected in three 

samples from two Phase II RFI/RI boreholes pH0987 and BH1287). These occurrences were 

each at estimated concentrations below the detection limit for the compounds, and were limited to 

the shallowest depth interval sampled, indicating a near surface source. 

4.3.4.3 Radionuclides 

Americium, plutonium, and uranium-233,234 were detected above the UTL in the subsurface soil 

samples obtained during the Phase III RFI/RI. Uranium-233,234 was detected above the UTL in 

only one isolated sample (a composite at the surface in 34691) indicating no widespread uranium 

contamination. Americium and plutonium were detected above the UTL most often in the 

shallowest soil samples obtained. The detection of these two RADS in the shallow soils indicates 

widespread contamination at the surface. 
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4.3.4.4 Summary 

In summary, the history of IHSS 119.1 indicates that the area was used to store scrap metal and 

drums of unknown quantities of solvents and waste from 1967 through 1972. Based on the 

available subsurface soil data, which indicate relatively low VOC concentrations ( C 2 mg/kg), 

there is no evidence of contaminant source material at this IHSS. However, groundwater data 

suggest that released solvent waste is present at this IHSS possibly due to drum leakage 

(discussed in Section 4.9). 

It should be noted that, as a result of auger refusal and other circumstances, all of the soil 

samples specified in the Phase III RFI/RI Work Plan (DOE, 1991b) were not collected. This 

circumstance may account for the lack of an identified source area. A summary of the proposed 

work and completed work is presented in Table 1-1. 

RADS, primarily plutonium and americium, and PAH contamination appear to be confined to 

the near surface, and appear widespread and unrelated to waste disposal at this IHSS . It is noted 

that radioactive "hot spots" have been detected at the surface in this IHSS. The chemical and 

radiochemical data for these "hot spots" are discussed in Section 4.4.2. 

0 

4.3.5 Multhle Solvent Spill Site - East (MSS 119.21 

IHSS 119.2 is located east of IHSS 119.1 and was used for storing scrap metal as well as drums 

containing unknown quantities and types of solvents. Like IHSS 119.1, IHSS 119.2 was also 

used for drum storage from 1967 until 1972 (Rockwell, 1988a). 

During the Phase III field investigation, seven boreholes and two wells were drilled and sampled 

within the boundaries of IHSS 119.2. The site contaminant data for the subsurface soils 

collected from these locations are summarized on Table 4-13 and portrayed on Figure 4-1 1. 

Final RFURI Phase ID Report 
EGBtG, Operable Unit Number 1 
eg&g\oul\rfi-ri\\sec-4c.jun 

June 1994 
Page 4-33 



4.3.5.1 Volatile Organic Compounds 

Toluene was the only VOC contaminant detected in the subsurface soil samples obtained during 

the Phase III RFI/RI. The distribution of toluene was discussed in Section 4.2. 

During the Phase II RFI/RI, two boreholes were drilled and sampled within the boundaries, and 

three boreholes were drilled and sampled downslope or sideslope of the IHSS. One of the 

boreholes within the JHSS (BH5887) and one borehole downslope of the IHSS (BH6187) 

contained the solvents 1 , 1 , 1 -trichloroethane and trichloroethene in relatively low concentrations, 

(all but one of the occurrences were at estimated concentrations below the detection limit). 

These' data are not indicative of contaminant source material. 

4.3.5.2 Polynuclear Aromatic Hydrocarbons 

PAHs were detected in two boreholes (33291 and 33591) drilled during the Phase III RFI/RI at 

this IHSS. One more detection was reported in a Phase II RFI/RI borehole (BH1787). These 

detections were limited to the shallowest depth interval sampled indicating a near surface, 

widespread occurrence of PAHs. 

4.3.5.3 Radionuclides 

Americium, plutonium, and uranium-238 were the RADS identified as site contaminants detected 

above the UTL in the subsurface soil samples obtained during the Phase III RFI/RI at IHSS 

119.2. Uranium-238 was detected above the UTL in four subsurface soil samples. Three were 

near surface (0 to 6 feet) in boreholes 33191, 32891, and 33591 at activities of 2.12, 1.71, and 

1.71 pCi/g, respectively. One sample from the 6- to 8-foot-depth interval in borehole 32691 

contained an activity of 2.38 pCi/g. These activities, although somewhat above background, do 

not indicate significant uranium contamination at this IHSS. Americium and plutonium were 

detected above the UTL in many of the shallowest (0- to 6-foot-depth interval) soil samples 

obtained. Plutonium was detected above background in two subsurface soil samples from deeper 

zones, but at considerably lower activities: borehole 33291 at a depth of 6 to 12 feet (0.027 

pCi/g), and borehole 33791 from 18 to 22 feet (0.018 pCi/g). The detection of above- 
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background levels of plutonium and americium, primarily in the shallow soils, indicates near 

surface, widespread contamination with these RADS. This is supported by the Phase I and II 
data, where the highest plutonium and americium activities occurred in the near surface samples. 

Uranium was not elevated above background in any Phase I and II subsurface soil samples. 

4.3.5.4 Summary 

In summary, the subsurface soil sample data obtained during all phases of the RFI/RI indicate 

limited contamination with low concentrations of 1 , 1 , 1-trichloroethane and trichloroethene. The 

scenario described in Section 4.3.4 regarding drum leakage may be applicable to IHSS 119.2. 

This is discussed further in Section 4.9. In addition, RAD or PAH contamination occurs in the 

largely shallow subsurface soil (upper 6 feet). This appears to indicate near surface, widespread 

contamination by RADS and PAHs unrelated to waste disposal activities at this IHSS. 

4.3.6 Radioactive Site - 800 Area Site #1 (IHSS 130) 

Between 1969 and 1972, the IHSS 130 area, which is located between IHSS 119.1 and Building 
a 

881, was used to dispose of up to 400 tons of soil and asphalt contaminated with low levels of 

plutonium. This waste material was derived from three sources: cleanup of the area on the west 

side of Building 776 after the May 11, 1969 fire; excavation of a contaminated section of 

Central Avenue roadway in 1970; and the 1972 cleanup of plutonium-contaminated soil around 

the Building 774 process waste tanks. The total plutonium content of the material from Building 

776 was estimated at 14 milligrams (Putzier, 1970). 

A total of nine boreholes were drilled and sampled within the boundaries of this MSS and one 

downgradient of the MSS during the Phase III RFI/RI. The site contaminant data for the 

subsurface soils collected from these locations are summarized in Table 4-14 and portrayed on 

Figure 4-4. 

Final RFVN Phase ID Report 
EGBrG, Operable Unit Number 1 
eg&g\oul\rfi-ri\\sec-4c.jun 

June 1994 
Page 4-35 



4.3.6.1 Volatile Organic Compounds 

Toluene was the only VOC contaminant detected in the subsurface soil samples obtained 

the Phase III RFI/RI. A discussion on the occurrence of toluene in subsurface soils 

Phase III is presented in Section 4.2. 

during 

during 

During the Phase 11 RFI/RI three boreholes were drilled and sampled within the boundaries, and 

one borehole was drilled and sampled downslope of the IHSS. None of the soil samples 

obtained from these boreholes detected any of the VOC contaminants. 

4.3.6.2 Polynuclear Aromatic Hydrocarbons 

PAHs were detected in three subsurface soil samples obtained during the Phase III RFI/RI at this 

IHSS: borehole 36391 (0- to 5.00- and 6.00- to 11.80-foot-depth interval) and borehole 36091 

(0- to 6-foot-depth interval). The maximum concentration was found in the shallow sample from 

36391, which contained a total PAH concentration of 6,2705 pg/kg. No PAHs were detected 

during the Phase 11 RFI/RI. Based on these data, IHSS 130 subsurface soils contain only limited 

PAH contamination. It is noted that PAHs are expected at IHSS 130 as waste asphalt and debris 

and soils from a fire were disposed here, and PAHs are products of organic combustion. 

4.3.6.3 Radionuclides 

Americium and plutonium were detected above the UTL in the subsurface soil samples obtained 

during the Phase 111 RFI/RI at IHSS 130. Four out of nine americium exceedances of the UTL, 
and four out of six plutonium exceedances of the UTL were in the 0- to 6-foot intervals. The 

detection of these RADs in the shallow soils indicates a near surface, widespread contamination. 

However, four boreholes (35791, 36091, 36291, and 36391) contained americium or plutonium 

above the UTL at greater depths. In addition, only 3 of the 11 exceedances of the americium 

and plutonium UTLs in Phase 11 data were shallow samples. Although the activities are low and 

generally near the UTL, the data may indicate subsurface contamination with these RADs at this 

IHSS. 
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4.3.6.4 Summary 

In summary, the subsurface soil samples obtained during all phases of the RFIIRI, indicate 

limited organic and RAD contamination. Chlorinated solvent contamination is not apparent in 

subsurface soils at this IHSS. There are only three samples that show PAH contamination. 

There does appear to be some near surface contamination by americium and plutonium which 

appears to be widespread and unrelated to waste disposal at this IHSS. Localized areas within 

the IHSS do contain low activities of americium or plutonium above the UTZZ at depth, 

indicating these RADS may be subsurface contaminants as well. The RAD data may be 

indicative of disposal of the cleanup waste containing low levels of plutonium. 

4.3.7 Vicinitv of BuildinP 881 (IHSSs 105, 106, 107. and 145) 

IHSSs 105.1, 105.2, 106, 107, and 145 are located in the vicinity of Building 881. The site 

histories and Phase 11 results for these IHSSs are discussed in the following paragraphs. Phase 

III results for these IHSSs are discussed collectively rather than on an individual IHSS basis. e 
IHSSs 105.1 and 105.2 are the two out-of-service No. 6 fuel tanks located south of Building 881 

that were used to store diesel fuel from 1958 through 1976. The tanks were then filled with 

asbestos-containing material and subsequently with concrete (Rockwell, 1988a). The tanks tested 

tight when pressure tested in 1973 (Rockwell, 1988a; DOE, 1991b). 

IHSS 106 is a 6-inch-diameter vitrified clay pipe outfall south of Building 881 that is an 

overflow line from the sanitary sewer sump in Building 887. The outfall was used for discharge 

of untreated sanitary wastes in the 1950s and 1960s, and for discharge of cooling tower 

blowdown into the late 1970s. In 1955 a small retention pond was built to prevent sanitary 

wastes from flowing directly into Woman Creek. 

IHSS 107 is an area where oil was discovered flowing down the hillside south of Building 881 

in May 1973. The spill was contained with straw, which was then disposed in the landfill north 

of the plant (Rockwell, 1988a). The two No. 6 fuel tanks south of Building 881 (IHSSs 105.1 

and 105.2) were considered to be the source of the oil, because the Building 881 foundation 
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drain passes directly beneath them. Consequently, a concrete skimming pond was built below 

the foundation drain outfall, and the SID was built to prevent oil-contaminated water from 

reaching Woman Creek (Owen and Steward, 1973). No oil was observed in the outfall after 

1973 (Rockwell, 1988a). The skimming pond was removed during the recent French Drain 

construction. 

In January 1981, a 6-inch cast-iron sanitary sewer line that originates at the Building 887 lift 
station leaked on the hillside south of Building 881 (DOE, 1991b). The area was designated 

IHSS 145. The line had been used to convey sanitary wastes and low-level radioactive laundry 

effluent to the sanitary waste treatment plant. 

Soil samples were obtained and analyzed during Phase 111 from 21 boreholes (including 13 

boreholes drilled during the French Drain geotechnical investigation), and 3 monitoring wells 

located in and around the IHSSs discussed above. The site contaminant data for the subsurface 

soils collected from these locations are summarized in Table 4-15 and portrayed on Figure 4-12. 

4.3.7.1 Volatile Organic Compounds 

Toluene, tetrachloroethene, and total xylenes were the only VOC contaminants detected in the 

subsurface soil samples obtained during the Phase 111 RFI/RI. Tetrachloroethene was detected 

in two consecutive depth interval samples in one borehole (32091). Both of these detections are 

estimated below the detection limit. This borehole is located in an area just east of MSS 105.1 

and 105.2. Total xylenes were detected at an estimated concentration below the detection limit 

in only one soil sample in one of the French Drain boreholes (B304190). Total xylenes were 

not detected in any other soil samples, which indicates that this detection is probably not 

indicative of site contamination. The distribution of toluene in subsurface soils is discussed in 

Section 4.2. 

During the Phase 11 RFI/RI six boreholes were drilled and sampled in the vicinity of these 

IHSSs. The only VOC contaminants detected in these boreholes were tetrachloroethene and 

trichloroethene. Tetrachloroethene was detected in two samples from one borehole (BHO187) 

:.m IHSS 106. Trichloroethene was detected in three boreholes, BH0187 and BH6287 located 
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near MSS 106, and BH6387 located near MSSs 105.1 and 105.2. These concentrations are 

relatively low except for the one from BH0187, and do not indicate these are locations of waste 

sources. 

' 
4.3.7.2 Polynuclear Aromatic Hydrocarbons 

PAHs were detected in three subsurface soil samples from boreholes 32491, B301790, and 

B303290 during the Phase III RFI/RI at these IHSSs. Concentrations were at estimated 

concentrations below the detection limit. Two subsurface soil samples obtained in the shallowest 

intervals from boreholes 0487 and 6387 during the Phase II RFI/RI also contained PAHs. These 

data suggest near surface PAH contamination. 

4.3.7.3 Radionuclides 

Americium, plutonium, uranium-233,234, uranium-235, and uranium-238 were detected above 

the UTL in the subsurface soil samples obtained during the Phase III RFI/RI at these MSSs. 

Uranium-233,234 and uranium-238 were both only detected above the UTL in two subsurface 

soil samples from one borehole (32091): 0- to 6-foot depth and 6- to 12-foot depth. Activities 

were near the UTLs, and because the elevated levels are not more widespread the data do not 

indicate obvious uranium contamination at this location. Uranium-235 was detected above the 

UTL at B302190 at a depth of 22-28 feet. Plutonium was detected above the UTL in the 

shallowest (0- to 6-foot depth interval) soil samples obtained from seven boreholes. In contrast, 

americium was mostly detected above the UTL in samples from depths greater than 6 feet. Only 

one exceedance occurred in a sample from the 0- to 6-foot interval. Phase 11 data show the 

majority of americium and plutonium exceedances were from depths greater than 6 feet, (9 out 

of 13 for americium, 9 out of 12 for plutonium). This seems to indicate that source RAD 
concentration may exist at depth. 

4.3.7.4 Summary 

In summary, the subsurface soil samples obtained during all  phases of the RFI/RI, indicate 

relatively little contamination. Low-level and infrequent detections of VOCs in the soils may 
a 
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indicate some contamination from solvents on the north end of MSSs 105.1, 105.2 and 106. 

There does appear to be some near surface contamination by americium, plutonium, and PAHs 

which appears to be related to widespread surface soil contamination unrelated to waste disposal 

activities at this MSS. The americium and plutonium contamination may extend below shallow 

surface depths. 

4.3.8 Former Retention Pond 

Although the Former Retention Pond is not identified by the Interagency Agreement as an MSS, 

it is apparently distinct from other disposal and spill sites on the 881 Hillside. The disposal 

history of the Former Retention Pond is unknown except that oil was observed leaking towards 

it from MSS 102 in a 1955 photograph (DOE, 1991b). 

During the Phase III RFI/RI, five boreholes and one monitoring well were drilled and sampled 

in the vicinity of the Former Retention Pond. The site contaminant data for the subsurface soils 

collected from these locations are summarized in Table 4-16 and portrayed on Figure 4-13. 

4.3.8.1 Volatile Organic Compounds 

Toluene was the only VOC contaminant detected in the subsurface soil samples obtained during 

the Phase 111 RFI/RI. The distribution of toluene in subsurface soils is discussed in Section 4.2. 

No subsurface soil samples were obtained in the Phase 11 RFI/RI. 

4.3.8.2 Polynuclear Aromatic Hydrocarbons 

PAHs were detected in only one the subsurface soil sample obtained during the Phase III RFWRI 

at this IHSS (30691). This sample was from the shallowest depth interval indicating possible 

near surface contamination. No subsurface soil samples were obtained during the Phase 11 

RFI/RI. 
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4.3.8.3 Radionuclides 

RADs were analyzed in samples from three of the boreholes, with plutonium detected above the 

UTL in borehole 30891 at a depth of 6 to 12 feet; uranium-233,234 detected above the UTL in 

borehole 30791 at a depth of 6 to 12 feet; and uranium-238 detected above the UTL in borehole 

30791 at depths of 0 to 6 feet and 6 to 12 feet. With one exception, all of these activities are 

near the UTL and their distribution is not indicative of contamination. The one exception is the 

activity uranium-238 at 14.1 pCi/g at 6 to 12 feet in 30791. The significance of this one 

elevated uranium-238 observation is not known. No subsurface soil samples were obtained 

during the Phase II RFI/RI. 

4.3.8.4 Summary 

The Former Retention Pond does not appear to be a source for contamination. Chlorinated 

solvents were not detected and the distribution of the low levels of PAHs and RADs do not 

appear to be indicative of contamination from waste disposal activities at this MSS. One sample 

contained a uranium-238 activity that was notable (14.1 pCi/g), but the isolated occurrence 

renders the significance of this datum unknown. 

4.3.9 OU1 Nonsource Areas 

As a part of the Phase III RFI/RI, soil samples were obtained in areas with no known or 

suspected history of waste disposal. Twenty-eight boreholes, five monitoring wells, and seven 

piezometers were drilled and sampled during the Phase III RFI/RI (only six of the piezometers 

were sampled). The site contaminant data for the subsurface soils collected from these locations 

are summarized in Table 4-17 and portrayed on Figure 4-14. 

4.3.9.1 Volatile Organic Compounds 

Toluene, 1,2-dichloroethane, and tetrachloroethene were the only VOC contaminants detected 

in the subsurface soil samples obtained during the Phase ID RFI/RI. 1,2-Dichloroethane 

(5 pg/kg) was detected in one soil sample in French Drain borehole B301190, and 
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tetrachloroethene (2 pg/kg) was detected in one soil sample in borehole 3979 1. (Borehole 3979 1 

was a pilot hole for the pump test and is located approximately 3,000 feet east of OU1 in the 

Woman Creek Valley Fill Alluvium.) These detections represent isolated occurrences and do 

not appear to represent contamination. The distribution of toluene in subsurface soils is 

discussed in Section 4.2. During the Phase 11 RFI/RI seven soil samples were analyzed for 

VOCs, and no VOC contaminants were detected in these samples. 

4.3.9.2 Polynuclear Aromatic Hydrocarbons 

PAHs were detected in only one subsurface soil sample obtained during the Phase III RFI/RI at 

this IHSS (B300890 in the surface composite). One subsurface soil sample obtained in the 

shallowest interval during the Phase 11 RFI/RI also contained PAHs. These detections were 

limited to the shallowest depth interval sampled indicating near surface, but localized 

contamination. 

4.3.9.3 Radionuclides 

Americium and plutonium were detected above the UTL in the subsurface soil samples obtained 

during the Phase 111 RFI/RI in the nonsource areas. Americium was detected above the UTL 

in soil samples obtained from five Phase 11 boreholes (€3300690, B301390, B303390, B303790, 

and 30391). The exceedances were each from shallow intervals except for the sample from 

30391, collected from 12 to 18 feet. Plutonium was detected above the UTL in seven Phase III 
boreholes (30091, B303390, B303590, B303690, B303790, B303890, and B303990) all of which 

were in the shallowest interval sampled (0- to 6-foot depth). The detection of these RADS in 

the shallow soils indicates widespread near surface contamination. The Phase 11 RFI/RI data 

indicate americium in two boreholes (BH0387 and BH1587) above the UTL at depths deeper 

than near surface. Only the americium in BH0387 was significantly above the UTL. Because 

americium is a daughter of plutonium radioactive decay, and plutonium was below background 

in this borehole, little significance can be attached to this Phase II americium datum. Plutonium 

was present above the UTL in two Phase 11 samples from BH1587; one from the surface, and 

one from the 25-foot depth. 

Final RFWRI Phase III Report 
EG&G, Operable Unit Number 1 
eg&g\oul \rfi-ri\\sec-4c.jun 

June 1994 
Page 4 4 2  



4.3.9.4 Summarv 

In summary, the data for the nonsource areas do not indicate the presence of additional sources 

for contamination. Only isolated low (estimated) concentrations of chlorinated solvents were 

present, and the PAH detections and plutonium/americium UTL exceedances are mostly in the 

shallow subsurface suggesting widespread surface contamination unrelated to discrete sources 

at OU1. 

4.4 SURFACE SOILS 

Three separate sampling programs have been initiated at RFP for investigating the nature and 

extent of contamination in surface soils. Each of these studies have included the sampling of 

locations within OU1. The first program was conducted in 1987 (Lawton, 1988) and included 

the sampling of 17 locations within OU1 for plutonium and uranium analyses. The second study 

involved the collection of surface soil samples for RAD analyses from August 1991 to October 

1992 as part of the Phase II RFI/RI for OU2 (DOE, 1991a). This program included the 

sampling of select locations within OU1 and involved detailed sampling in the area of the 903 

Pad (Figure 2-6). Samples were analyzed for plutonium, americium, and uranium. Surface soil 

samples were also collected in OU1 during the Phase III RFI/RI field program as outlined in 

Technical Memorandum No. 5, Surface Soil Sampling and Analysis Plan (DOE, 1992a), which 

is an addendum to the Phase 111 RFI/RI Work Plan for OU1. A total of 28 locations (Figure 

2-7) were sampled in OU1 during this program including 24 random locations and 4 locations 

chosen based on suspected historical waste release (Section 2.6.2). The analytical parameters 

for this program are provided in Table 2-9. The sampling locations from each of the surface 

soil sampling programs are presented in Figure 4-15. A description of each of the surface soil 

sampling field programs is provided in Section 2.6, Surface Soil Investigations. Surface soil 

data presented in the following sections were derived from samples collected from 0 to 1/4 inch 

below the ground surface. 

In addition to the surface soil sampling programs, a study was conducted to investigate "hot 

spot" areas. Radiological surveys conducted at OU1 during the construction of the extraction 

well in IHSS 119.1 indicated the presence of a "hot spot" or area of elevated radioactivity. 
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Samples were collected to characterize the "hot spot"; however, due to the high radioactivity in 

the samples, shipment of the samples to an analytical laboratory for analysis was delayed. An 
action plan to further investigate this and other potential hot spot areas was developed and 

included additional radiological surveys and sampling/analysis of identified "hot spots. The 

"hot spot" investigation was performed subsequent to the Phase III RFI/RI field investigation and 

ultimately involved the sampling of 4 discrete locations (Figure 4-15) within MSSs 119.1 and 

119.2. The analytical suite for each sample location is presented in Table 2-14. The sequence 

of events and methodologies used for the "hot spot" survey and sampling events are provided 

in Section 2.9, "Hot Spot" Investigation, and detailed in Appendix A5. 

The contaminant determination process described in detail in Appendix D was based on Phase 

III OU1 data exclusive of the "hot spot" data. It revealed three classes of contaminants present 

in surface soils at OU1 (Table 4-6); SVOCs, PCBs, and RADS. Because VOCs are present in 

the "hot spot" samples, the distribution of VQC concentrations in surface (and shallow 

subsurface soils) at the "hot spots" is presented. A discussion of the contaminant concentrations 

in surface soils is provided in Section 4.4.1. The results of the "hot spot" investigation are 

presented in Section 4.4.2., and the data are included in Appendix A5. 

4.4.1 Surface Soil Sampling: Results 

4.4.1.1 Polychlorinated Biphenyls 

Aroclor-1248 and Aroclor-1254 were the only PCBs detected in surface soil samples collected 

at OU1 (Figure 4-16 and Table 4-18). The PCBs were detected in surface soils samples 

collected during the Phase III RFI/RI surface soil sampling program conducted in 1992. Only 

one of these samples contained Aroclor-1248 (RA030), and three samples indicated the presence 

of Aroclor-1254 (RA030, RA033, and RA031). Locations RA030 and RA031 are located within 

MSS 119.2, and RA033 is located in MSS 119.1. It is interesting to note that two of the three 

sample locations where PCBs were detected were obtained from the biased sampling points 

located in areas of suspected waste release. However, there is no historical information that 

indicates storage of PCB-containing (e.g., transformers) or -contaminated material at OU1. 

Therefore the release mechanism of PCBs to surface soils is unknown. 
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4.4.1.2 Semivolatile Organics e 
Sixteen semivolatile organic contaminants were detected in 28 surface soil samples. PAHs 

comprise all of the SVOC contaminant detections (Table 4-19 and Figure 4-16). PAHs were 

rarely detected in background surface soil samples (Appendix C1-a). The most frequently 

detected PAHs in OU1 surface soils were fluoranthene and pyrene, which also exhibited the 

highest concentrations. The detections ranged from 240 to 1,900 pglkg of fluoranthene and 

from 220 to 1,800 pglkg of pyrene (Appendix C4-b). The highest values were found at RA023. 

The total PAH concentrations range from a minimum of 3,118 pglkg in RA019 to a maximum 

concentration of 11,212 pglkg in RA023. The higher concentrations are from samples outside 

MSS boundaries. In general, the spatial distribution of PAH concentrations indicates the source 

is not related to waste disposal activities at OU1. The PAHs likely are present due to fallout 

of particulates contaminated with PAHs from automobile exhaust or furnace emissions. Runoff 

from asphalt areas on the plant site depositing small asphaltic particles is also a potential source. 

Although these are potential sources for PAHs detected at OU1, the actual source is unknown. 

- 
4.4.1.3 Radionuclides 

RADS were analyzed for in samples collected from each of the three surface soil sampling 

programs. Table 4-20 summarizes the RAD contaminant activities for the samples collected in 

1987. All other surface soil RAD data are presented in Table 4-21. Figures 4-17, 4-18, and 

4-19 illustrate the distribution of uranium, plutonium, and americium activities in surface soils, 

respectively. 

The OU2 and Phase III OU1 surface soil data indicate uranium is not a widespread contaminant 

of surface soil at OU1 (near or below background levels) (Figure 4-17 and Table 4-21). 

Background uranium activities in surface soils are 1.6 pCilg, 0.12 pCi/g, and 2.0 pCi/g for 

uranium-233,234, uranium-235, and uranium-238, respectively. Figure 4-17 shows that slightly 

elevated uranium activities are present in surface soils near the 903 Pad (OU2). 

Although uranium contamination of surface soil at OU1 is not widespread, there are some 

isolated locations of uranium activities. High uranium activities occurred in samples 881-16 and 
0 
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881-18 from the 1987 sampling (Table 4-20). The 881-16 and 881-18 sampling locations are 

within IHSS 119.1. The uranium-234/uranium-238 ratio indicated the uranium at these locations 

is depleted. Depleted and enriched uranium, as well as uranium-233, were used at RFP. Unlike 

natural uranium, which has a uranium-234/uranium-238 activity ratio of approximately 1, the 

depleted uranium isotopic ratio is 0.07, and the enriched uranium isotopic ratio is 5.7 (refer to 

Appendix D). The uranium isotope ratios for these two surface soil samples indicate the 

uranium is depleted (Table 4-20). An examination of Table 4-20 also indicates depleted uranium 

may be present in sample 881-6, although at a much lower activity. Sample 881-6 was taken 

north of IHSS 119.1. Although the uranium-233,234 activity is also elevated in sample 881-9, 

the isotopic ratio indicates the uranium is naturally occurring. In sample 881-(10) (south of 

MSS' 119.2), the uranium-233,234 activity is also elevated, and the isotopic ratio suggests 

enriched uranium or the presence of uranium-233. (It is not noted that ratios calculated in this 

report are for uranium-233,234/uranium-238 because the analytical method does not differentiate 

uranium-233 from uranium-234. The activity of uranium-233 in natural uranium is zero and 

occurs only in trace amounts in depleted and enriched uranium.) It is clear from the 1987 data 

and "hot spot" data (refer to Section 4.4.2 and Appendix A5) that localized areas of depleted 

uranium, enricheduranium, or uranium-233 contamination exist within IHSS 119.1 (Table 4-22). 

The contamination presumably resulted from leaks of fluids contaminated with these uranium 

isotopes that were stored in drums at this location. The somewhat elevated uranium activities 

outside the IHSS boundaries may not have significance with respect to past waste storage 

practices as the activities are orders of magnitude lower than the actual "hot spots." Also, a 

careful review of the aerial photographs does not show waste management activities outside the 

IHSS boundaries. 

The data from the 1987 surface soil sampling program indicate a plutonium activity distribution 

that correlates with the OU2 Phase 11 and OU1 Phase III data (Table 4-20 and 4-21) 

(Figure 4-18); however, these data (1987) indicate lower activities. It is noted that the highest 

activities are nearest the 903 Pad, which clearly indicate that the widespread plutonium 

contamination at OU1 is due to wind dissemination of plutonium-contaminated dust from this 

area ("hot spots" are exceptions). The distribution of americium is similar to that of plutonium 

(Figure 4-19), which follows since americium is a daughter isotope from plutonium radioactive 

decay. 
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4.4.2 Hot h o t  Soil SarnDlhF Results 

4.4.2.1 Polychlorinated Biphenyls 

PCBs were analyzed in each sample collected from SS100193, SS100293, and SS100393 (Table 

2-14). No sample from SS100493 was submitted for PCB analysis. Of the seven samples 

analyzed, only one detectable concentration of PCBs (Aroclor-1254) was reported, the composite 

sample SS10008ST collected from location SS100393 at a depth of 0 to 1.0 feet (Table 4-18, 

Figure 4-16, and Appendix A5). This datum corroborates the data collected during the Phase 

III OU1 surface soil sampling program indicating the presence of Aroclor-1254 in nearby 

RA030. The PCB concentrations are similar at SS100393 and RA030 (approximately 500 

pg/kg). The RAD data for SS100393 do not indicate this location is a release point for RADS 
(refer to Section 4.4.2.3) and therefore, considering PCBs were not found in the other "hot 

spots," it does not appear that fluids associated with released RADS contained PCBs. Again, 

the source of the PCBs is unknown. 

4.4.2.2 Semivolatile Organics 

Eleven PAHs were detected in the "hot spot" samples collected in OU1. The total PAH 

concentrations are shown on Table 4-19 and are posted on Figure 4-16. Fluoranthene and 

pyrene were the two most commonly detected compounds (Appendix C-46). This is consistent 

with the results of the surface soil sampling program. The maximum concentration for 

fluoranthene and pyrene (620 pglkg) was found at station SS100393 at a depth of 0 to 0.25 inch. 

The highest total PAH concentration was in the same sample collected from location SS100393 

(IHSS 119.2) at a depth of 0 to 0.25 inch below ground surface. PAHs are ubiquitous in surface 

soils in urban areas, and the elevated concentrations do not appear to be associated with waste- 

related activities at the IHSSs. Although asphalt and residue from a fire were disposed of at 

IHSS 130, the fact that the wastes are buried suggests that they are not the source for PAHs 

detected across OU1. 
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4.4.2.3 Radionuclides 

"Hot spots" were generally found to be markedly contaminated with 

or uranium. The vertical distribution of RADS is presented in 

discussed in terms of waste sources in Section 4.9. 

either plutonium/americium 

this section and is further 

Uranium was below background levels at SS 100393, slightly above background at SS 100493, 

and significantly above background at SS100193 and SS100293 (Table 4-21, Figure 4-17). The 

low, albeit above background, levels at SS100493 coupled with uranium-233,234/uranium-238 

ratios of approximately 1 to 2 suggest the uranium may be naturally occurring. The highest 

activities of uranium at SS100193 and SS100293 occur just beneath the surface, as the deeper 

composites have the higher activities. The maximum total uranium activity at SS100193 is 

approximately 550 pCi/g with a uranium-233,234/uranium-238 activity ratio of 3.5 (Table 4-22). 

This suggests contamination with enriched uranium. The maximum total uranium activity at 

SS100293 is approximately 240 pCi/g with an activity ratio as high as 160 (Table 4-22). This 

suggests contamination with uranium-233 as the activity ratio far exceeds that for enriched 

uranium. 

Plutonium at activities greater than 10 nanoCuries per gram (nCi/g), which is three to four 

orders of magnitude higher than the activity of any other soil sample at OU1, was found in soil 

samples from "hot spot" SS100493 located in M S S  119.1 (Table 4-21, Figure 4-18). This is 

the original location that prompted the "hot spot" investigation. The plutonium activity was 

6,670 pCi/g at the lowest depth sampled (9 to 10 inches below ground surface), which suggests 

the potential presence of significant plutonium contamination at depths greater than 10 inches. 

Plutonium was below background levels at SS100193 and SS100293 but was 22.7 pCi/g (0 to 

0.25 inches) at SS100393 located just east of 119.2 This activity is consistent with the OU2 

surface soil data, indicating the 903 Pad as a plutonium source. However, the 0- to 1-foot 

composite sample had an activity of 14.7 pCi/g, which is somewhat inconsistent with the near- 

surface contamination hypothesis. The distribution of americium parallels that of plutonium. 

The highest activities (2,000 to 4,260 pCi/g) were detected in samples from SS100493. 
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4.4.2.4 Volatile Organic Compounds 

Of the surface soil samples that were collected, VOC analyses were only conducted on the 

samples collected for the "hot spot" investigation. Toluene was reported in samples collected 

from each of the four "hot spot" locations, and tetrachloroethene was reported in the sample 

collected from location SS100493, located in IHSS 119.1. The reported concentrations are 

summarized in Table 4-23 and portrayed in Figure 4-20. The toluene results indicate a trend 

of increasing concentrations with depth. The surface samples at each location generally show 

the lowest concentration, and the highest concentration was generally reported in the deepest 

interval. This is true for each "hot spot," with the exception of location SS100493, where the 

highest concentration (120 pg/kg) was found in the middle interval (2.0 to 2.3 feet below ground 

surface). The deeper interval (3.3 to 3.6 feet) showed a marked decrease in the toluene 

concentration (28 pg/kg). Although these data indicate toluene contamination per se, the 

concentrations are similar to those found in subsurface soils throughout OU1 (refer to 

Section 4.2). Therefore, these data do not necessarily offer further convincing evidence of 

toluene contamination. However, as discussed in Section 4.2, toluene is retained as an OU1 

contaminant because the QC data do not adequately support that its presence in soils is sampling 

or laboratory artifact. 

0 

Tetrachloroethene was only detected in the samples collected from location SS100493. The 

lowest concentration was reported in the surface scrape sample (0 to 0.25 inch), and the middle 

zone (2.0 to 2.3 feet) exhibited the highest concentration of 170 pglkg. The deeper interval 

collected at 3.3 to 3.6 feet showed a marked decrease in the tetrachloroethene concentration 

(15 pglkg), which is consistent with the toluene trend. 

4.4.3 Summarv 

The analytical data collected during the three surface soil sampling programs indicate the 

presence of SVOCs, PCBs, and RADS. In addition, VOC concentrations were reported in some 

of the "hot spot" samples. Based on the infrequent detections and lack of historical information 

regarding storage of PCB-containing material at OU1, it is unclear as to the source of the PCBs. 

The only SVOCs detected in the surface soils include PAHs. PAHs are ubiquitous in the surface 
@ 
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soils, and the elevated concentrations do not appear to be related to waste disposal or storage 

activities at the MSS s. The distribution of plutonium/americium activities throughout OU1 

indicates that the widespread contamination originates from the 903 Pad, and is present at OUl 

due to depository of plutonium-contaminated dust. However, plutonium, americium, and 

uranium are present at highly elevated levels in localized surface soils ("hot spots"). The highest 

activities were reported from sampling locations within IHSS 119.1 and appear to be the result 

of waste-related activities. In addition, based on the uranium ratios, both depleted and enriched 

uranium are present in the "hot spots." 

4.5 

Radiological ambient air samplers monitor airborne dispersion of radioactive materials from RFP 

operations. The Radiological Ambient Air Monitoring Program is the existing area-wide 

monitoring program consisting of 51 on-site locations at RFP, along the RFP perimeter fences, 

and within the Denver metropolitan area. Seven ambient air samplers are routinely monitored 

within OU1 (Figure 2-2). An additional sampler (S-32) upwind of OU1 provides data for 

background characteristics. To provide more OU1-specifk air data, four high-volume air 

samplers (S-NA, S-81B, S-81C, and S-SlD) were established in January 1990 (Figure 2-3). 

Tables 4-24 through 4-27 present data collected as part of the routine monitoring of air for OU1. 

The use of OU1 air monitoring stations as the sole data source for the Phase III RFI/F?I was 

based on the fact that multiple potential surface sources for RADs exist at RFP, and a program 

is already in place to monitor the contribution to airborne RADs from the various sources. The 

OUI RI describes conditions at OU1 and provides information to support a BRA as was 

originally intended. A summary of the QC sample analyses and interpretation of the results are 

provided in Section 4.1 and Appendix G. 

The ambient air samplers operate continuously at a volumetric flow rate of approximately 25 

cubic feet per minute (ft?/min) using a RFP-designed sampler which incorporates a brushless 

induction-type blower assembly. The four high-volume samplers at OU1 operate at a continuous 

flow rate of approximately 50 ft3/min. Both types of samplers collect particulate matter on a 

fiberglass filter medium. Sampler flow rates are checked weekly, and filters are collected 

biweekly. Filters taken from the OU1 sampling network are analyzed for plutonium. 
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Tables 4-24 through 4-27 present monthly averages for plutonium sampled at OU1 air sample 

@ stations. 

Data for the seven ambient air samplers show that the two highest values for plutonium in 1990 

and 1991 occurred at station S-9 in January 1991 (0.000461 picocuries per cubic meter 

[pCi/m3]) and February 1990 (0.000328 pCi/m3). The sampling station is downwind of the 903 

Pad (OU2), and the detected values are believed to have resulted from localized resuspension 

from this area. OU1 site-specific monitoring results indicate plutonium was detected at a 

maximum concentration of 0.000119 pCi/m3 in September 1991 at station S-81D. The second 

highest detected value for plutonium occurred in July 1990 at sampling station S-81A at a 

concentration of 0.000103 pCi/m3. Elevated levels for plutonium at site-specific samplers are 

suspected to have occurred due to localized resuspension from vehicle traffic in the immediate 

area. The highest value recorded during the 1990 and 1991 sampling periods for the upwind 

sampler S-32 was 0.000006 pCi/m3, the monthly average for June 1991. 

4.6 SURFACE WATER AND SEDIMENT 

Surface water and sediment are secondary media that may become impacted by OU1 through 

deposition of contaminated airborne dust, settling of contaminated particulates in runoff, or 

discharge of contaminated groundwater to the surface water system. However, because surface 

water passing by OU1 also is fed from upgradient sources, contamination of this medium may 

not be related to OU1. For example, the SID, which is directly south of OU1, was designed 

to capture surface runoff that may become contaminated through contact with surface soils along 

its entire route. Because the presence of contaminants in surface water and sediments is 

dependent on contact with an intermediary medium, rather than direct contact with a source area, 

occurrences of contamination may not be continuous. The detection of contaminants in surface 

water and sediment may also be affected by dilution effects, e.g., runoff, during different 

seasons. For administrative purposes, the SID and Woman Creek are part of the OU5 RFI/RI. 

A comprehensive discussion of surface water and sediment contamination in the SID and Woman 

Creek will be presented in the OU5 RFI/RI. 

0 
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Analytical results presented on maps in the following discussion display a range and a mean for 

each contaminant at each station for all phases of the RFI/RI. The number of exceedances above 

the background UTL is also reported. For organic compounds, the number of detections is 

reported. Surface water and sediment contaminant distribution are presented for all of OU1. 

4.6.1 Surface Water 

The RFI/RI includes data from 21 surface water stations (Figure 4-21). The list was expanded 

from that in the Phase III Work Plan to accommodate changes proposed by the regulatory 

agencies. Surface water stations SW036 and SW038 were proposed in the French Drain 

Monitoring Plan, and stations 125 and 126 were added based on the OU1 QAA to the Quality 

Assurance Project Plan for RFP. SW039 was added as the closest monitoring point in Woman 

Creek upgradient of OU1, and SW029 was added as a downgradient monitoring point in Woman 

Creek. 

Two surface water stations were deleted from the list proposed in the Work Plan because of their 

distance from OU1: SW020, near the Solar Evaporation Ponds, and SW056, upgradient of OU1 

on the SID. SW030 was deleted because other stations were established that were more specific 

to OU1. The agencies verbally approved of the stations selected for inclusion in OU1 during 

the meeting held on June 22, 1993. 

The SID surface water is sampled at stations SW035, SW031, SW066, SW067, SW068, SW069, 

SW070, and upgradient locations SW036 and SW038. Woman Creek surface water is monitored 

by stations SW032, SW033, SW034, SW029, and upgradient location SW039. Surface water 

runoff from the 881 Hillside area flows into the SID and then into Pond C-2. Surface water in 

Woman Creek is routed around Pond C-2; however, water in Pond C-2 is discharged to Woman 

Creek in accordance with the plant National Pollutant Discharge Elimination System permit. 

Station SW44 is located in the SID, and SW045 monitors the foundation drain discharge from 

Building 881. This water flowed into a skimming pond but now discharges to the French Drain 

collection system. Station SW046 was located west of the skimming pond and monitored 
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groundwater seepage from the 881 Hillside. The skimming pond was destroyed during 

excavation of the French Drain. Stations SW044, SW045, and SW046 are classified as seeps. 

Several other seeps are present on the hillside. These are monitored by stations SW071 and 

SW072, in IHSS 119.1; and SW0125, west of IHSS 130; and SW0126, south of IHSS 102. 

Surface water is sampled monthly for chemical analysis at RFP under the routine monitoring 

program. Analyses required for the Phase III RFI/RI include VOCs, SVOCs, RADS, dissolved 

and total metals, and inorganic WQPs. Adverse local conditions, such as dry or frozen sampling 

points, have resulted in some stations having a more complete sampling record than others. This 

is the case for seep locations SW071, SW125 and SW126, for which no data exist. 

One of the criteria for an organic compound to be considered a contaminant in surface water is 

whether the compound is classified as a contaminant in a contact medium, such as groundwater. 

The contaminant list identified for surface water is a subset of contaminants in groundwater. 

Surface water contaminants include the following organic compounds: 1 , 1 , 1-trichloroethane, 

trichloroethene, tetrachloroethene, 1,2-dichloroethane, 1,l -dichloroethane, toluene, and total 

xylenes (Table 4-28). Inorganic contaminants found in surface water include plutonium and 

americium. These two analytes are presumed to be present as contaminants because of the 

widespread nature of the contamination due to deposition of plutonium/americium-contaminated 

dust that migrated from OU2. 

4.6.1.1 Inorganic Contamination 

The results of total RAD analyses indicate fairly widespread but sporadic occurrences of 

americium-241 above the background UTL value (Figure 4-22). Of 17 stations sampled, all but 

7 represent values that exceeded the background UTL at least once. Exceedances were most 

common at stations SW036 and SW067, where the percentage was approximately 40 % . Station 

SW036 also reported the highest concentration of americium at 0.9360 pCi/l?. As SW036 is an 

upgradient location, the analytical results indicate that the presence of this analyte in surface 

water at OU1 is not necessarily the result of OU1 waste disposal activities. 
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The distribution of occurrences of plutonium that exceed the UTL is about the same as the 

distribution of occurrences of americium (eight locations with exceedances) (Figure 4-22). As 

in the case of americium, the highest percentage of exceedances occurred at SW067 and 

upgradient location SW036, suggesting that the presence of plutonium, as well as americium, 

may be unrelated to OU1 waste disposal activities. However, SW045 contained a maximum 

plutonium activity of 2.5700 pCi/l , which is significantly above the UTL. The only other RAD 
datum at this location indicated nondetectable plutonium levels. 

Comparing unfiltered to filtered surface water data cannot be properly performed because 

generally both types of samples were not collected during the same sampling event for a given 

station. Table 4-28 shows that fewer filtered samples have been collected from OU1 surface 

water than unfiltered samples. The limited data do show that of the 15 locations where filtered 

samples were collected for americium analysis, only four (SW046, SW032, SW033, and SW068) 

indicated exceedances above the background UTL. Neither of the two filtered samples analyzed 

for plutonium contained concentrations above the UTL. This suggests that the contamination 

that does exist may be largely contained in the suspended solids fraction that can be filtered out. 

Comparison of the Phase II and Phase 111 data shows that, as in earlier sampling events, 

americium was elevated above background at 10 locations, although, only five of these locations 

(SW045, SW066, SW036, SW039 and SW067) reported exceedances during both Phase 11 and 

Phase III samplings. 

In contrast, during the period of the earlier investigation, plutonium occurred more uniformly 

across the site and in higher concentrations. Data for samples from 12 of the 17 stations indicate 

at least one exceedance of the background UTL. OU-wide, the total number of exceedances 

dropped from 30, in Phase I and II, to 9 in Phase III. In addition, the mean concentration at 

six stations was an order of magnitude higher than during the Phase 111 RFI/RI. No seep 

stations reported exceedances of the UTL during Phase 11 except for filtered samples, in which 

the UTL was exceeded in one-half the samples analyzed from stations SW045 and SW046. 

These higher RAD concentrations observed during Phase 11 may be indicative of an analytical 

problem, as this inconsistency was observed in some of the subsurface soil data. 
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4.6.1.2 Organic Contamination 

The organic contaminants present in the surface water are chlorinated solvents and toluene. The 

occurrences are infrequent and at low concentrations (mean concentrations less than 5 pg/ l  [refer 

to Table 4-28]), and are widely scattered among the surface water stations. Of the 15 stations 

for which Phase III organic data were collected, 13 reported at least one, and generally only 1 

instance of an organic contaminant detection (Figure 4-22). The most significant occurrence of 

an organic contaminant in surface water was tetrachloroethene at SW045, where the compound 

was detected in 7 of 8 samples, and at SW046, where detectable concentrations were present in 

4 of 14 samples. The maximum detected concentration at SW045 was an order of magnitude 

higher than at other stations (128 pgl l ) .  SW045 is a seep, and SW046 is at a pond where the 

seep discharged. Thus, the water represents groundwater discharge, and the data more reflect 

groundwater contamination. At other surface water stations, tetrachloroethene and other 

chlorinated compounds probably entered the surface water system via groundwater discharge. 

Dilution and volatilization are factors that explain the low concentration and isolated occurrences 

of these organic compounds in surface water. In general, Phase 11 and III data portray the same 

contaminant distribution in surface water. 

4.6.2 Sediment 

Before the Phase III investigation began, no sediment station existed that was specific to OU1. 

The Phase III Work Plan proposed three stations for this purpose, SEDO37, SEDO38, and 

SEDO39. Stations SED040, SED041, and SED042 were added pursuant to Technical 

Memorandum No. 5, which proposed additional monitoring points along Woman Creek. 

SED014 and SED028 were added as additional monitoring points; however, no Phase III data 

exist for SED014. 

Sediments are sampled quarterly at RFP as part of the routine monitoring program. Analyses 

required for sediment samples include VOCs, SVOCs, RADs, metals, and WQPs. Contaminants 

present in sediments at OU1 include the organic compounds 1 , 1 , 1-trichloroethane, toluene, 

PAHs, and Aroclor-1254. Plutonium comprises the inorganic contaminants. These RADs are 

Final RFURI Phase El Report 
EG&G, Operable Unit Number 1 
eg&g\oul\rfi-ri\sec~d.jun 

June 1994 
Page 4-55 



presumed to be present as contaminants because of the widespread nature of the contamination 

originating from OU2 due to deposition of airborne-contaminated dust. 

The results of RAD analyses indicate only one exceedance of the background UTL reported from 

Phase III data, that of plutonium in a sample collected from SED039 (Table 4-29 and 

Figure 4-23). 

Two volatile organic contaminants were present in samples of the sediments: l , l , l -  

trichloroethane was detected at one station, SED028, in one of five sampling rounds, and toluene 

was detected at two stations, SED037 and SED039, in one out of two sampling rounds. The 

concentrations of both compounds were low (< 8 pglt). The Phase II data show that l , l , l -  

trichloroethane was present at SED014, an upgradient location, in one of two sampling events. 

Toluene was not detected in Phase 11 samples. The limited occurrence and low concentration 

of these compounds renders the signifcance of the data questionable. 

Aroclor-1254 was detected at two locations, SED037 and SED038, at maximum values of 86 

and 84 pg/kg, respectively. This compound was only analyzed for at SED014 in the Phase II 
stations, and was not detected. 

Six PAH contaminants were detected in sediments during the Phase III investigation. Four of 

these contaminants, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene, and phenanthrene, 

were only present in samples collected from SED039. Fluoranthene and pyrene were detected 

at stations SEDO37, SED038, and SEDO39, and pyrene was also present at SED028. 

Concentrations averaged about 200 pg/kg. No PAH compounds were detected during the Phase 

11 sampling. Because sediment data are so sparse, trends have not been established. It is 

possible that the PAH compounds were derived from incinerated material that became airborne 

and was subsequently deposited around RFP. These compounds are relatively insoluble, which 

may explain their absence in surface water. 
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4.7 GROUNDWATER 

It is necessary to determine the nature and extent of contamination in groundwater in order to 

comprehensively assess site conditions. Locations of groundwater monitoring wells are 

consistent with those locations presented in the Work Plan for the Phase III RFI/RI for OU1 

(Figure 2-1). However, as discussed in Section 2, not all of the wells proposed in the Work 

Plan were installed. In addition, monitoring wells that were installed during Phase I and II 
supplement data from Phase III monitoring wells for use in characterizing site conditions. 

Analytical results presented on maps in the following discussions are for the period 1986 through 

the second quarter of 1992. Groundwater contaminant distribution is presented for all of OU1, 

rather than by each MSS. Contaminants detected in groundwater are summarized in Table 4-30. 

Groundwater is sampled quarterly for chemical analysis at RFP under the routine monitoring 

program. Analyses that are required for the Phase III RFI/RI include VOCs, SVOCs, dissolved 

RADS, dissolved and total metals, and inorganic WQPs. Of these classes of contaminhts, a 

subset of VOCs and metals (selenium and vanadium) are the only groundwater contaminants at 

ou1 .  

For the purposes of selecting a representative data set to graphically present in this report, the 

groundwater chemical data were screened to determine which sampling round (30-day interval) 

resulted in the maximum number of stations with detections. This screening was performed 

using the Phase III data set (January 1990 through June 1992). The sampling round conducted 

during the first quarter of 1991 contained the maximum number of stations with detections of 

OU1 groundwater contaminants, and it is those data that are used to map the extent of 

groundwater contamination. However, in order to ensure that all available data were used in 

the characterization of OU1 groundwater, all available chemical data collected between 1986 and 

June 1992 were screened to determine the maximum concentration of a contaminant at a given 

sampling station. These data are presented along with the first quarter 1991 results on 

contaminant distribution maps presented as Figures 4-24 and 4-25. a 
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4.7.1 UHSU Groundwater Quality 

4.7.1.1 Volatile Organic Contaminants 

VOCs, primarily chlorinated solvents anb their degradation products, occur in UHSU 

groundwater at several locations within OU1. The distribution of individual volatile organic 

contaminants in UHSU groundwater is illustrated on Figure 4-25. An extent of contamination 

map, based on the sum of VOCs detected at each station, is presented as Figure 4-24. 

A review of Figure 4-24 reveals three general areas at OU1 that have VOC-contaminated 

groundwater. These include the area around and south of Building 881, and areas within and 

south of IHSS 119.1 and MSS 119.2. The range of reported values for the period of 1990 

through June 1992 and the percentage of results above background are summarized for the three 

general groundwater contaminant plumes (Building 881 area, IHSS 119.1 area, and IHSS 119.2 

area) as well as for the Valley Fill Alluvium monitoring stations in Tables 4-31 through 4-35. 

A review of Table 4-31 reveals the differences in the magnitude of the groundwater 

contamination at each of the three contaminated areas at OU1. Groundwater in the Building 881 

area contains VOCs at concentrations in the low pg/f range at a low frequency of occurrence. 

Groundwater in the M S S  119.1 area contains VOCs at much higher concentrations than at 

Building 881. Milligrams per liter concentrations are not uncommon at this location with 

detections typically occurring in 50% of the samples collected. Groundwater in the MSS 119.2 

area contained VOCs at low concentrations and at a low to high frequency of occurrence, 

depending on the compound. Groundwater in Valley Fill alluvial monitoring stations contained 

VOCs at low to moderate frequencies and at low concentrations. Based on this summary, the 

IHSS 119.1 area clearly contains the most contaminated groundwater at OU1. 

Area Around Building 881 

During the first quarter of 1991, all UHSU monitoring wells around Building 881 were sampled 

with the exception of one well that historically has been dry (35991). These samples contained 

little or no VOCs with a maximum detection of 3J pgll of tetrachloroethene measured at well 
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5187. However, a review of all VOC chemical groundwater data for the period 1986 through 

June 1992 reveals higher concentrations at all stations (Table 4-32 and Figure 4-25). The 

maximum concentration ever detected at these stations is 130 pg/P of 1 , 1 , 1-trichloroethane at 

well 0187 but typical concentrations are in the 1 pg/P to 30 pglP range. The inferred extent of 

groundwater contamination by VOCs in the vicinity of Building 881 is illustrated on Figure 4-24. 

This figure shows the maximum extent of contamination restricted to the area north of the SID. 

* 

The chemical suite detected at these stations is similar, consisting primarily of l , l , l -  

trichloroethane, tetrachloroethene, trichloroethene, and 1,l -dichloroethene. The highest 

detections were noted at well 0187 near the southwest comer of Building 881. A review of the 

historical maximum values detected at each station (Figure 4-25) reveals a general decrease in 

the downgradient direction (southeast). The presence of this subtle concentration gradient 

suggests that the bulk of the contamination originated from an area at the upgradient end of the 

plume (near well 0187). One candidate release point would be an aqueous solution discharged 

from IHSS 145 (reportedly a sanitary sewer line) as this IHSS is located upgradient of well 

0187. (The reader should refer to Section 4.9 for further discussion of the sources for VOC 
contamination in groundwater.) 

One low-level detection (0.24 pg/f? at well 31791) of tetrachloroethene has been noted south of 

the SID (Figure 4-25). This occurrence is not thought to be associated with contamination north 

of the SID based on the absence of detections at well 31891, which lies between well 31791 and 

the main plume north of the SID. 

Other isolated low-level detections of VOCs have been noted between Building 881 and IHSS 

119.1. One sample collected from well 36191, just east of IHSS 103, contained 0.16 pgll of 

trichloroethene. A similar low-level detection was measured in a sample collected from well 

37191 at the southeast margin of MSS 130. 

Tetrachloroethene was detected at a historical maximum of 6 pg/P at well 5986 located just east 

of IHSS 102. This detection may be associated with historical waste disposal operations at this 

IHSS although the location of well 5986 is sidegradient with respect to the IHSS. It is possible 

that this detection is associated with the main groundwater plume near Building 881 and 
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represents its distal margin. However, the absence of contamination in well 6986 located just 

northeast of 5986 suggests that the tetrachloroethene contamination is very local in nature. 

IHSS 119.1 

Of the three areas of groundwater contamination at OU1, the area in and downgradient of IHSS 

119.1 contains the highest concentrations of contaminants ranging to a maximum of 72 mg/t of 

trichloroethene (Table 4-33 and Figure 4-25). This constitutes approximately 7% of the pure- 

phase trichloroethene solubility limit. An EPA Fact Sheet (1991b) reports that contaminant 

concentrations over 1% of the pure phase or effective solubility limit may be indicative of 

DNAPL in the saturated zone (refer to Sections 4.9 and 5.2 for discussions on potential DNAPL 

occurrences.) 

UHSU monitoring wells that have yielded groundwater samples containing contaminants at or 

above 1 % of their solubility limits include 0974, 1074, and 4387 (Figure 4-25). These wells 

are restricted to a relatively small area in the southwest comer of the IHSS. This area is shown 

on Figure 4-24 along with the inferred extent of UHSU groundwater contamination. This area 

corresponds to suspected drum storage seen on historical aerial photographs (Figure 3-26). 

The primary VOCs detected at this IHSS are similar to those found near Building 881 with some 

additional degradation products, including 1, l  -didoroethane and 1,2-dichloroethene. 

Contaminant concentrations decrease rapidly with distance downgradient of the suspected release 

point (Figure 4-25). As was discussed in Section 3.6.2, shallow groundwater is controlled 

largely by the bedrock topography, which is dominated by north-south paleochannels (small 

drainage features). Monitoring wells 0487, 4787, and 5587 lie roughly in the axis of the main 

drainage originating near the former drum storage area. Therefore, these wells appear to be 

strategically placed to monitor the downgradient extent of contamination originating from the 

former drum storage area. Detections have been noted at both 0487 and 4787 but not at 5587, 

suggesting the groundwater contaminant plume has advanced beyond well 4787 but has never 

reached well 5587. This may be due to natural retardation mechanisms (Section 5.3) or the 

effects of the French Drain, which was designed to act as a hydraulic barrier to shallow 

groundwater. 
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A second VOC plume originating on the east side of the IHSS is suspected to be responsible for 

VOC detections in preexisting well 0687 (Figure 4-25). Although no water bearing UHSU 
monitoring wells exist on the east side of the MSS, a VOC release is suspected in that area by 

the presence of historical contamination in well 0687. This well was installed near the axis of 

a small drainage whose headwaters appear to originate at the east side of the IHSS (Figures 3-26 

and 4-24). VOC concentrations at 0687 ranged up to 32 pgll (trichloroethene). 

Well 30991 is located downgradient of well 0687, near Woman Creek (Figure 4-24 and 4-25) 

and contained a maximum of 0.11 pgll of tetrachloroethene. Although this concentration is 

within the instrument quamtitation limits, this was the only detection out of eight samples 

collected from this well. This one isolated detection may represent the distal margin of a plume 

originating in the east side of IHSS 119.1 ; however, because of the extremely low concentration 

reported and the low freqiuency of occurrence, this datum is not considered to be conclusive 

proof of a connection between well 0687 and well 30991. 

Based on the limited amount of groundwater level data available (refer to Section 3.7.3.8), the 

French Drain appears to be acting as a hydraulic barrier in the UHSU. Therefore, the suspected 

source area in the western1 portion of IHSS 119.1 is effectively isolated from the Valley Fill 

AIluvium . 

IHSS 119.2 

Well locations in and around IHSS 119.2 are shown on Figure 4-24 along with contaminant 

concentrations detected at these locations. A summary of contaminants concentrations detected 

in MSS 119.2 area groundwater is presented as Table 4-34. The primary contaminants are 

tetrachloroethene and carbon tetrachloride. 

Only one well containing IJHSU water exists within IHSS 119.2 boundaries. Samples collected 

from this well, 34791, contained a maximum of 8.5B pgll of tetrachloroethene. The other 

UHSU wells within the IHSS (4487 and 34591) have rarely contained groundwater and have not 

been sampled. Based on the presence of VOCs in UHSU groundwater within and downgradient 
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(see below) of the IHSS, it is possible that a release of VOCs to groundwater occurred at 

IHSS 119.2. 

Based on the hydrogeologic model described in Section 3, UHSU groundwater is controlled to 

a large extent by the bedrock topography. Paleochannels on the hillside tend to channel UHSU 
groundwater and associated contamination. A review of aerial photographs (Figures 3-26) and 

topographic maps reveals the presence of two subtle channels leading south from the west and 

east ends of the IHSS (Figure 4-24). It is important to note that the eastern channel is roughly 

aligned with the 903 Pad suggesting that some of the groundwater in this channel may originate 

near the 903 Pad. 

Two widely spaced monitoring points exist between the IHSS and Woman Creek (Figure 4-25). 

One monitoring point is composed of a nested pair of wells (6286 and 6386) and the other 

monitoring location is composed of one well (6486). The nested well pair is completed in 

different formations within the UHSU; well 6386 is completed in colluvium and well 6286 is 

completed in weathered bedrock. These wells contained groundwater contaminated with 

chlorinated solvents and are located within the previously described paleochannels. Well 6486 

is located near Woman Creek at the south end of the western channel, while wells 6286 and 

6386 are located within the eastern channel approximately half way between the IHSS and 

Woman Creek. Both channels have the potential to transport contaminated groundwater from 

the IHSS towards the south. However, drawing f m  conclusions regarding the extent of 

contamination is difficult given the small number of monitoring points. 

Considering first the western channel, the occurrence of VOCs at well 6486 (installed in Woman 

Creek Valley Fill Alluvium) has been sporadic with a maximum reported concentration of 

8J pg/t of tetrachloroethene. Other VOCs (carbon tetrachloride, trichloroethene, and others) 

occurred at concentrations less than 1.5 pg/t. A summary of Valley Fill alluvial groundwater 

contaminant concentrations is presented on Table 4-35. The presence of VOC contamination 

in groundwater at well 6486 may be interpreted as the downgradient limit of a plume originating 

at IHSS 119.2. However, if geohydrologic conditions at IHSS 119.2 are similar to those at 

IHSS 119.1, then contaminants should not have migrated this distance, for contaminants have 

not migrated to well 5587 from IHSS 119.1. Furthermore, the dilute and similar contaminant 
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concentrations within the IHSS (well 34791) and in groundwater samples collected from 

well 6486 do not indicate the expected dilution (dispersion) that should have occurred. 

However, releases of VOCs at IHSS 119.2 as the source of contamination at well 6486 can not 

be entirely ruled out. 

The contamination detected in the eastern paleochannel, midway between Woman Creek and 

IHSS 119.2 (wells 6286 and 6386), can be attributed to both the 903 Pad and IHSS 119.2. This 

is based on the alignment of both the 903 Pad and the IHSS along the eastern paleochannel 

(Figures 3-26 and 4-25). Because monitoring stations at the 903 Pad (DOE, 1991a), the IHSS, 

and wells 6286 and 6386 all contain the same general suite of compounds, it is difficult to 

determine which potential source contributes, and to what extent, to contamination further down 

the hillside. However, as with the western paleochannel, the dilute and similar concentrations 

of VOCs at IHSS 119.2 and well 6286 do not indicate the expected dilution (dispersion) that 

should have occurred. On the contrary, this generalized dilution "model" does fit a VOC release 

scenario from the 903 Pad. 

4.7.1.2 Metals 

Selenium and vanadium are the only metals identified as contaminants in OU1 groundwater. 

Typically they occur in association with VOC contamination at concentrations ranging up to 28 

times the background level for total selenium and 14 times the background level for total 

vanadium. 

As can be seen on Tables 4-31 and 4-33, the maximum concentration of selenium in filtered 

groundwater (28.2 mg/C or 352 times background) greatly exceeds the maximum total selenium 

value (2.2 mg/4) at IHSS 119.1. This high value is a one-time occurrence for well 1074 

(sample date 2/5/90) and is not a validated result. Other filtered results for samples collected 

from this well were reviewed to determine the reliability of the 28-mg result. All other filtered 

selenium concentrations were reported near 2 mg/4. Therefore, the reliability of the 28 mg/C 

result is considered to be poor. The distribution of selenium and vanadium is shown on 

Figure 4-26. A summary of contaminant concentrations for OU1 is presented in Tables 4-31 0 
though 4-35. 
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Neither of these elements is a documented RFP waste. Their occurrence may be due to 

undocumented vanadium and selenium RFP wastes that leaked from drums, or leaching of these 

elements from soils by an undocumented waste with chelating or strong acid/base properties. 

Selenium was detected above background in three areas at OU1: just east of IHSS 102 in the 

southwest corner of IHSS 119.1, and just south of IHSS 119.1. These locations correspond to 

areas of VOC contamination in UHSU groundwater as described in Section 4.2.6.1. The 

concentrations of selenium are roughly proportional to the concentrations of VOCs indicating 

a possible linkage between the occurrence and origin of the two classes of contaminants. 

Generally, vanadium is present at levels much lower than selenium relative to background 

concentrations. However, the vanadium occurrence over background appears more widespread 

than selenium (Figure 4-26). It occurs at the same IHSSs as selenium and at two additional 

IHSSs: 107 and 130. The detection near IHSS 107 is an estimated value and occurred only once 

raising the possibility of a false positive. The occurrence of vanadium at IHSS 130 is the 

highest detected at OU1; however, it also was a one-time occurrence. AU other detections at 

this station have been near or below background levels. 

Given the lack of documentation regarding the use and disposal of these contaminants or of a 

substance which might leach these metals from the soils, it is difficult to determine the nature 

of their occurrence. However, it can be stated that both metals occur in association with VOCs 
and with one exception, they have not migrated beyond the VOC plumes. The one exception 

involves a detection of vanadium in well 31891 south of IHSS 102 at 54 pgll (180% of 

background). 

4.7.2 LHSU Groundwater 

4.7.2.1 Volatile Organic Compounds 

Seven monitoring wells were installed in the LHSU at OU1 (Figure 4-27). Most wells (1986 

through 1991) were sited within IHSSs in areas exhibiting UHSU contamination to evaluate the 

potential for vertical contaminant migration. The same general chemical suite (chlorinated 
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solvents) detected in UHSU groundwater have also been reported in samples collected from all 

LHSU wells (Figure 4-27). Relatively high VOC concentrations in the LHSU typically 

correspond with the locations of high VOC occurrences in the UHSU. An example of this 

relationship can be seen in the chemistry of samples collected from UHSU well 4387 and LHSU 

well 0587 (Figures 4-25 and 4-27). This suggests a linkage between the UHSU and LHSU 

contamination. Vertical velocity calculations based on VOC migration presented in Section 5.3 

suggest that groundwater could have migrated between the UHSU and the deeper LHSU wells 

given the suspected dates of releases. However, vertical migration rates high enough to account 

for LHSU contamination require using the highest measured permeability values for the LHSU. 

Leakage between the borehole wall and annular seal was considered a possible mechanism for 

the introduction of VOC contamination into the LHSU. However, a review of the pH of 

groundwater samples collected from LHSU wells revealed neutral or near neutral conditions. 

This suggests that the grout seal had not leaked, as this should result in high pH. 

Well 0887 is a special case. Samples collected from this well have historically contained 

concentrations of VOCs significantly elevated above those found in overlying UHSU 

groundwater. This well is located east of IHSS 102 and contained trichloroethene, 

tetrachloroethene, and carbon tetrachloride at maximum concentrations of 35,20, and 130 pglt , 
respectively. Concentrations of this magnitude were a one-time occurrence at this well. Other 

detections are in the 1 to 3 pg/f range and are J qualified. A summary of the historical 

groundwater chemistry for this well is presented in Table 4-36. In addition, neither carbon 

tetrachloride or trichloroethene was detected in overlying UHSU groundwater nor is either 

compound present in comparable concentrations within 300 feet in the upgradient direction. 

Although tetrachloroethene was detected in overlying UHSU groundwater, its concentration was 

three times lower than the LHSU sample. These issues raise considerable doubt as to the 

reliability of the pre-1990 analytical data and occurrence of LHSU VOC contamination at this 

location. Overall, the areal extent of VOC in LHSU groundwater does not exceed that for 

UHSU groundwater. 

e 
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4.7.2.2 Metals 

The occurrence of selenium and vanadium over background in the LHSU is restricted to the 

area within and around IHSS 119.1 (Figure 4-28). This is not unexpected as the highest 

consistent detections of these metals occurred in UHSU groundwater in this area.. Overall, the 

areal extent of metals in LHSU groundwater is less than that in UHSU groundwater. 

Of interest are the repeated high detections of selenium in samples collected from well 39191, 
which is completed in the upper portion of the LHSU. Selenium concentrations in this well are 

among the highest detected at OU1; however, VOC levels occur at relatively low levels. This 

exception to the general trend suggests that selenium release points may not always correspond 

with the release of VOCs. Alternatively, it can also be viewed as evidence that the selenium 

(and vanadium) are naturally occurring. This possibility is discussed further in Appendix D. 

4.8 BIOTA 

Biological tissue samples were collected and analyzed for potential contaminants to support the 

exposure assessment and food web analysis components of the EE. (Terrestrial and aquatic 

study sites and reference areas are presented on Figures 4-29 through 4-31.) The EE is the 

ecological risk assessment component of the BRA. Vegetation (grasses and forbs), small 

mammals (mice and voles), and terrestrial arthropods (grasshoppers) were collected from 

grassland areas in the OU1 ecological study area and a reference area in the Rock Creek 

drainage north of the plant site. Although there are no significant aquatic resources in OU1, fish 

were collected from sections of Woman Creek, including Pond C-1, and from Pond C-2, which 

receives flow from the SID. 

Tissue samples were analyzed for a suite of heavy metals and RADS that were identified prior 

to the field investigation as potential contaminants in OU1 abiotic media. Tissues were analyzed 

for only those potential contaminants that could potentially bioaccumulate. The VOCs identified 

in OU1 media are rapidly metabolized by many species and therefore were not analyzed in tissue 

samples. PAHs and PCBs were not included in the original analyte suite because they were 

anticipated as contaminants prior to the investigation. Data are presented for selenium, 
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plutonium, americium, and uranium, which are the only original analytes that were subsequently 

identified as COCs for the ecological risk assessment (refer to Section E4 and Table E4-5 in 

Appendix E). 

Selenium content of biota samples from OU1 was not significantly different than that of samples 

collected from the reference area (Table E6-4). RAD content of tissue samples tended to be 

higher in all taxa collected from the OU1 area, although, not all differences were significant due 

to a large amount of variability in data from the study area (Table E6-4). Plutonium content, 

however, was significantly higher in small mammals and vegetation samples taken from the 

study area (p < 0.05) (Table E6-4). Uranium content of small mammals was also significantly 

higher in small mammals collected from OU1. 

Whole-body samples were analyzed because most available toxicity data are based on total body 

content and because most predators consume their prey whole. For the same reason, samples 

were not washed, and tissues were not separated for analysis. Therefore the whole-body 

measurements include contaminants contained in the gastrointestinal tract and those adhering to 

external surfaces. Data from the scientific literature suggest that greater than 90 percent of the 

transuranic RADS associated with small mammal samples is adhering to the pelt or is contained 

in the gut (Hakonson, 1975). Therefore, the increased RAD content of tissue samples from OU1 

probably does not represent biological uptake and assimilation. Rather, it reflects the higher 

RAD content of soil particles adhering to the samples collected. Implications for transport and 

biological uptake are discussed in detail in Appendix E. 

4.9 CONTAMINATION ASSESSMENT 

The Phase III RFI/RI and previous investigations of OU1 have provided historical, physical, and 

chemical data necessary to characterize contamination at OU1. Section 4.9 integrates these data 

to characterize potential contaminant sources and the distribution of contamination. 

Section 4.9.1 summarizes contamination for the three primary media (surface soil, subsurface 

soil, and groundwater) most capable of acting as sources of contamination for other media and 

most likely to be the focus of remediation FSs. Showing a linkage between contaminants in 

more than one medium is the first step in assessing site-specific fate and transport and is 
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necessary for defining contaminant exposure pathways in the BRA. For VOCs it is further 

subdivided into three main areas at OU1 (Building 881 Area, IHSS 119.1, and IHSS 119.2). 

The distribution of VOCs is unique to each of these areas. Three-dimensional graphical 

presentations of surface soil, subsurface soil, and groundwater contamination are provided for 

each area to facilitate discussion of contaminant distributions. The location of these block 

diagrams is shown in Figure 4-32. 

This section is organized according to the four main contaminant groups present at OU1 (VOCs, 
SVOCs, metals, and RADS). Using the relationships summarized in Section 4.9, the fate and 

transport assessment presented in Section 5 capsulizes significant contaminant migration 

pathways and the likely behavior of contaminants from source discharges into soils, air, 

groundwater, surface water, sediments, and biota. Section 4.9.2 summarizes contamination in 

secondary media impacted by contaminant transport processes from primary media. 

4.9.1 Primarv Media (Potential Contaminant Sources) 

4.9.1.1 Volatile Organic Contaminants 

Buildinp 881 Area 

VOCs around Building 881 are widespread and relatively dilute in concentration, with a 

maximum historical concentration of any one contaminant being 130 pglt of l , l , l -  

trichloroethane at well 0187 southwest of Building 881 (Figure 4-25). It is reasonable to 

conclude that the source for these VOCs is located in the upgradient direction. Therefore, the 

likely candidate is IHSS 145. This IHSS is a sanitary sewer line that may have leaked an 

aqueous solution of VOCs. The conjecture of a release of an aqueous solution of VOCs is 

made based on the dilute concentrations of VOCs in the groundwater (see discussions under 

IHSS 119.1). The area along the southern margin of this IHSS is marked as a suspected VOC 
release point on Figure 4-24. 

Figure 4-33 is a geologic block diagram illustrating the magnitude and extent of VOC and PAH 
contamination in soils, soil gas, and groundwater in the Building 881 area. An index map 
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illustrating the locations of borings and monitoring wells used in constructing the block diagrams 

is presented as Figure 4-32. For ease of presentation, only total VOC values are plotted. A 

review of this figure reveals a general lack of significant (all detections less than 1.0 mg/kg) 

VOC detections in soils. Therefore, no meaningful connection has been identified between 

groundwater and soil contamination that can be used to identify potential historical or continuing 

release areas. Based solely on the magnitude of the VOC detections in soils, it is surmised that 

either the contamination was injected directly into the water table, possible via the subgrade 

pipeline associated with IHSS 145, or that the contaminants associated with a possible surface 

spill(s) have been removed from the vadose zone by infiitrating meteoric waters, degration, 

andlor volatilization. 

One suspected VOC release point has been identified near Building 881 and is so noted on 

Figure 4-24. A Phase I RFI/RI soil gas survey conducted across OU1 revealed a possible source 

area just west of IHSS 103. A soil gas detection of 69,000 relative response units (RRUs) of 

tetrachloroethene suggests a release of this contaminant. This is based on the surrounding soil 

gas concentrations of zero to only "hundreds" of RRUs. The nearest monitoring well &I the 

downgradient direction is 6986. This well is over a 300-foot distance from the soil gas detection 

and has never contained contaminated groundwater. Therefore, it is uncertain whether the 

contamination associated with the soil gas detection has impacted groundwater. 

A 6 pg/l detection of tetrachloroethene at well 5986 east of IHSS 102 and higher detections of 

other VOCs in LHSU well 0887 in the same area may represent a portion of a dissolved-phase 

plume in that area. However, based on the location of IHSS 102, both wells are sidegradient 

from the IHSS. The detections in groundwater from wells 5986 and 0887 were one-time 

occurrences. Therefore, it is uncertain whether these data are indicative of an actual plume and 

associated VOC release point near this location. 

IHSS 119.1 

The VOC groundwater contaminant plume in and downgradient of IHSS 119.1 is more discrete 

than the diffuse plume around Building 881. A clear concentration gradient can be seen by 

comparing the groundwater chemistry in the southwest portion of the IHSS with groundwater 
e 
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chemistry downgradient (south) of the IHSS (Figure 4-24). This suggests one or more discrete 

VOC release points within the IHSS. 

Groundwater samples collected from wells in the southwest corner of this IHSS contained the 

highest concentrations of contaminants at OU1 ranging to a maximum of 72 mg/t of 

trichloroethene (wells 4387,0974, and 1074) (Figure 4-25). Other UHSU monitoring wells that 

have contained contaminants at or above 1.0 mg/t include 0974, 1074, and 4387 (Figure 4-25). 

These wells are restricted to a relatively small area in the southwest corner of the MSS. This 

area corresponds to suspected drum storage depicted on historical aerial photographs (Figure 3- 

26) and is identified on Figure 4-24 as a potential VOC release area. 

A comparison of the chemical suite detected in groundwater at various locations within the 

former drum storage area shows different contamination patterns, suggesting multiple release 

points of different solvent mixes. Using first quarter 1992 groundwater chemical data, two 

distinct chemical suites were detected at the east (wells 0974 and 4387) and west (well 1074) 

ends of the drum storage area (well locations shown on Figure 4-25). These chemical results, 

as well as the results for well 0487 (discussed later), are presented below. 

Comparison of Groundwater Chemistry 
1st Quarter 1992 

Although trichloroethene was found in wells 0974, 4387, and 1074 at concentrations of similar 

magnitude, all other chemical analytes shown in the table are unique to either the west (1074) 

or east (0974, 4387) side of the drum storage area, suggesting at least two VOC release areas. 
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It is surmised that drums containing waste of differing chemistry leaked in both the west and east 

portions of the former drum storage area. 

Although well 0487 is downgradient of the east side of the drum storage area, its chemistry is 

reflective of both the eastern and western portions of the drum storage area. A topographic map 

of the bedrock surface under IHSS 119.1 (Figure 3-24) illustrates that water flowing along the 

bedrock surface can travel from the west side of the drum storage facility towards well 0487. 

Thus, the chemical data further support that UHSU groundwater is controlled largely by the 

bedrock topography as described in Section 3. 

One additional VOC release area is postulated to account for VOC detections in preexisting well 

0687. This well is located in a paleochannel just south of the eastern portion of IHSS 119.1, 

therefore, a VOC release is suspected to have occurred in this portion of the IHSS. The exact 

location of the suspected release is not known as no chlorinated solvents were detected in soils 

in the eastern portion of the IHSS. In addition, no high soil gas detections were noted in the 

area. 

Figure 4-34 is a geologic block diagram of IHSS 1 19.1 illustrating the occurrence of VOCs and 

PAHs in subsurface and surface soils; soil gas; and groundwater. A review of these figures 

reveals conditions similar to those found in the Building 881 Area, namely a general lack of 

significant (all detections less than 1.0 mg/kg) VOC detections in subsurface soils. Therefore, 

no meaningful connection has been identified between groundwater and soil contamination that 

can be used to identify the precise location of historical VOC release areas. 

A few low-level chlorinated VOC detections are noted particularly in samples collected below 

10 feet in borings 35291 and 38191. While these could be interpreted as representing the 

specific location of VOC release points, it is more likely that they represent VOCs that have 

partitioned from the groundwater to the solid aquifer matrix, and/or may represent contaminated 

groundwater retained within the soil pores, as the samples were collected from below the water 

table. e 
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Several relatively high level soil gas detections (tetrachloroethene and trichloroethene) near the 

former drum storage are shown on Figures 4-35 and 4-36. The sum of the molecular gas counts 

for tetrachloroethene and trichloroethene range up to 148,560 (three orders of magnitude above 

the local background). It is likely that these soil gas detections indicate the locations of at least 

two of the suspected VOC release points (i.e., leaking drums). Although soil borings were 

advanced near these soil gas VOC detections as shown on Figure 4-35, no significant soil VOC 

contamination was detected. This suggests that the soil contamination indicated by the detections 

of VOCs in soil gas is local in nature. 

As mentioned previously, a review of the soil chemistry data reveals only low-level detections 

of VOCs, generally below 1.0 mg/kg. These concentrations are more indicative of VOCs 

sorbed to organic constituents of the soils or dissolved in soil moisture rather than mobile or 

immobile DNAPLs. The presence of DNAPL would be indicated by hundreds to thousands of 

mg/kg concentrations as the mobile or immobile product would occupy a portion of the soil 

pores as an undiluted liquid waste. In an attempt to identify the presence of DNAPL in 

groundwater, several monitoring wells (0974, 1074, and 4387) were checked for DNAPL using 

a clear bailer. DNAPL was not observed in these wells. 

While the objective data presented above indicates the absence of DNAPL, the groundwater 

chemistry data, coupled with a waste history suggesting potential free-phase-like conditions in 

the actual waste (i.e., waste cutting oils and solvents), justifies additional consideration of the 

possible presence of DNAPLs. This is an important consideration because: 1) DNAPLs pose 

a particularly significant issue with respect to mobility as they can migrate vertically through the 

saturated zone (denser than water) and along bedrock surfaces not necessarily coincident with 

the direction of groundwater flow, and 2) DNAPLs, should they exist, would require special 

consideration in the evaluation of remedial alternatives in the FS. 

The presence or absence of DNAPLs acting as a continuous source for groundwater VOC 

contamination was suggested by the groundwater chemistry data. The presence of DNAPL may 

be inferred to exist when VOC concentrations in groundwater exceed 1 % of the solubility limit 

for a given compound (Cherry, 1991; EPA, 1991b). UHSU monitoring wells that have 

contained groundwater with VOC concentrations above 1 % of the solubility limit include 0974, 
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1074, and 4387. A maximum trichloroethene concentration of 72.0 mg/f was detected in 

groundwater from well 0974. This represents approximately 7 % of the trichloroethene solubility 

limit suggesting the presence of mobile or immobile (residual) DNAPL. DNAPL would be 

expected within the drum storage area and in the vicinity of the high detections of VOCs in soil 

gas. 

' 
The inferred presence of a VOC release in the eastern portion of IHSS 119.1 does not 

necessarily suggest a DNAPL source. VOCs in groundwater associated with the suspected 

eastern release occur in low pg/L concentrations representing far less than 1 % of the contaminant 

solubility limits. However, preexisting well 0687 is located over 100 feet downgradient from 

the IHSS. Therefore, dilution of a groundwater plume originating from a DNAPL source may 

account for the VOC concentration detected in groundwater from well 0687. 

MSS 119.2 

Low (pgl L) concentrations of chlorinated solvents (carbon tetrachloride, tetrachloroethene, and 

trichloroethene) detected in two nested monitoring wells downgradient of IHSS 119.2 (6286 and 

6386) are attributed to potential VOC release areas at both MSS 119.2 and the 903 Pad. The 

occurrences of VOCs (carbon tetrachloride, tetrachloroethene, trichloroethene, and chloroform) 

in groundwater within the MSS include one-time low pg/L detections in UHSU well 34791 and 

LHSU well 4587 (Figure 4-25 and 4-28), with the exception of chloroform, which occurred 

three times at low pg/L levels in well 4587. 

Figures 4-37 is a geologic block diagram illustrating the occurrence of VOCs and PAHs 
contamination in groundwater, soil, and soil gas within the MSS. A review of Figure 4-37 

reveals low pg/kg detections of chlorinated solvents in subsurface soils. The occurrence of 

chlorinated solvents in subsurface soils is limited to one borehole (BH5887). The occurrence 

of VOCs in soil gas is limited to low levels of tetrachloroethene and 1 , 1 , 1-trichloroethane at one 

location within the MSS. However, the magnitude of the detections is several orders of 

magnitude less than those noted at Building 881 and IHSS 119.1 and are more representative of 

the local background around IHSS 119.2. Nevertheless, as was the case at IHSS 119.1, the 
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presence of a 

dow ngradient 

VOC release point within IHSS 119.2 boundaries is suspected based on the 

groundwater chemistry. 

Wells 6286 and 6386 contain contaminated groundwater and are located in a paleochannel 

hydraulically downgradient from IHSS 119.2. Therefore, a VOC release point is suspected and 

is shown on Figure 4-24 based on the location of suspected waste disposal features depicted on 

aerial photographs (Figure 3-26). The location and size of this suspected VOC release point is 

uncertain. It is possible that contamination from the 903 Pad is also responsible for the VOCs 

detected in monitoring wells in the eastern portion of OU1. The 903 Pad is upgradient of the 

impacted wells and is known to be a source for carbon tetrachloride and other dissolved 

chlorinated solvents in groundwater (DOE, 1991a). 

4.9.1.2 Metals 

Selenium and vanadium are the only metal contaminants at OU1 and occur only in groundwater. 

They occur primarily in the vicinity of IHSS 119.1 and typically occur in association with VOCs 

(see Figures 4-26, 4-28, and 4-38). Their origin is uncertain as they are not documented FWP 

wastes. Although selenium and vanadium were not elevated in site soils, like the VOCs, it is 

possible that soil samples were not collected from the contaminant release points. 

4.9.1.3 Semivolatile Organics 

The only SVOCs that are contaminants at OU1 are PAHs and PCBs (Aroclor-1254 and 1248). 

The PAHs occur over most of OU1 in surface soils (Figures 4233, 4-35, and 4-37) and tend to 

decrease with depth. PAH concentrations range from approximately 600 pg/kg to greater than 

10,000 pg/kg. Several areas of OU1 have been identified where PAHs appear more 

concentrated relative to the surrounding area. However these areas do not coincide with M S S  
locations (Figure 4-12). Although soil and asphalt disposal (resulting from a fire at Building 

776) is documented at MSS  130 and was noted in subsurface soil samples at this IHSS, the fact 

that the material is buried precludes this IHSS as the source for the widespread PAHs observed 

at OU1. Therefore, the sources for PAHs are presumed to not be associated with waste disposal 

activities at OU1. 
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PAHs are a product of incomplete combustion of hydrocarbons. Vehicular operation produces 

emissions of exhaust particles containing adsorbed PAHs. The occurrence of PAHs in OU1 

surface soils is most likely attributed to cumulative deposition on surface soils of hydrocarbon 

combustion byproducts from multiple sources. There was heavy vehicular traffic in the area 

during the Phase III RFI/RI. During the time of siirface soil sampling (February through March 

1992) vehicular and heavy equipment traffic was unusually heavy at OU1 due to the ongoing 

construction of the French Drain. Routine vehicular traffic at OU1 is composed of security 

patrols and vehicles used for monitoring surface water, sediment, and groundwater locations in 

OU1. Additionally, OU1 is downwind of the RFP asphalt parking lots and the decontamination 

pad in the contractors' yard, and PAHs may also be attributed to the eolian transport of PAH- 

containing dust from these asphalt-paved areas. All of these mechanisms may account for PAHs 
observed in OU1 surface soil, however, the actual source(s) is unknown. 

0 

PCB occurrences are limited to IHSSs 119.1 and 119.2 surface and subsurface soils. One PCB 

detection was also noted in sediments. However, this detection was at the western boundary of 

OU1 and is not considered of OU1 origin. There is no documentation regarding the storage of 

PCBs or PCB-contaminated materials at these locations. Therefore, the release mechanism of 

PCBs to surface soils is unknown. Nevertheless, the source area is considered to be the location 

of the PCB detection in soils. 

4.9.1.4 Radionuclides 

Isotopes of plutonium, americium, and uranium have been identified as OU1 contaminants in 

surface soil and subsurface soil. There are two notable features of this contamination: 

widespread plutonium/americium contamination in surface soils, and localized highly elevated 

levels of plutonium/americium or uranium in surface and subsurface soils, Le., "hot spots." 

These features are discussed below. 

Historical releases of plutonium to the environment from RFP have contaminated surface and 

subsurface soils at OU1 at levels above those attributed to atmospheric fallout. Releases 

occurred from two major fires (1957 and 1969), from leaking drums containing plutonium- 

contaminated waste oils stored at the 903 Pad, and from atmospheric emissions in 1974 (Johnson 
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et al., 1976). Releases from the 903 Pad are thought to be the primary contributor of 

widespread plutonium and americium contamination in surface soils at OU1 (Krey and Hardy 

1970; Seed et al,, 1971). 

Atmospheric nuclear tests have injected plutonium isotopes into the stratosphere that have 

subsequently reached the ground as particulate fallout and in rainwater. Total rainout/fallout of 

plutonium-239,240 is estimated at 8 pCi/m*/year (Thein et al., 1980). Lesser concentrations of 

plutonium-23 8 and americium-241 are also present in fallout matter. Background concentrations 

in soil as a result of atmospheric fallout in Colorado range from 0.012 to 0.06 pCi/cm2, and 

average 0.04 pCi/cm2 (Poet and Martell, 1972; Johnson et al., 1976). Background plutonium 

concentrations in Rock Creek surface soil samples range from 0.02 to 0.1 pCi/g, with a mean 

of 0.06 pCi/g (the calculated 95% UTL is 0.1 pCi/g). 

The widespread distribution pattern of plutonium-239,240 and americium-241 concentrations 

above background in surface soils at OU1 (Figures 4-18 and 4-19) indicates a source for these 

R A D s  is to the northeast of OU1 and that dispersion is in a southwesterly direction. This 

pattern is more readily attributed to primary dispersion into OU1 from an external source rather 

than being caused directly by activities within OU1. The concentration isopleths for 'both R A D s  

exhibit an elongated east-northeast orientation that appears to straddle the OU1 perimeter road 

and southern boundary fence. Dispersion of plutonium-239,240- and americium-241 - 

contaminated particles may have been caused by windblown dust from 903 Pad, overland flow 

or ditch flow of eroded soil in storm runoff from the same area, or anthropogenically induced 

dispersion from vehicular traffic along OU1 roads. This concentration gradient pattern may be 

reflective of one or more of these multiple transport processes. Secondary distribution of R A D s  

in surface soils at OU1 includes anthropogenic processes such as vehicular traffic, which 

generates and redeposits dust, and removal and placement of soil due to construction and road 

grading. Transport of R A D s  in surface soil at OU1 is discussed more in Section 5. 

Uranium does not show coherent dispersion patterns like plutonium-239,240 and americium-241 ; 

however, it does exhibit patterns readily attributable to waste disposal activities (Table 4-17). 

The "hot spot" data indicate the presence of localized, highly elevated levels of uranium as well 
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as plutonium and americium. Uranium-233,234/uranium-238 ratios indicate the uranium at the 

"hot spots" is either depleted or enriched, or is uranium-233. These forms of uranium were all 

used at RFP. The localized presence of plutonium, americium, and uranium at high activities 

in surface soils and subsurface soils represents leakage of liquids contaminated with these RADS 

from drums stored at IHSS 119.1. 

In order to better understand the nature of the "hot spot" contamination at OU1, it is necessary 

to extrapolate information that exists regarding the contents of drums stored at the 903 Pad Site. 

Although there is no OU1-specific historical information on the contents of drums stored at IHSS 

119.1, it is likely, based on the "hot spot" contamination data and similar waste management 

practices at OU2, that the drums contained a mineral oil lathe coolant, chlorinated solvent, or 

a mixture of both in varying proportions, that was contaminated with plutonium and/or uranium. 

The cutting oil was used in the machining of plutonium and uranium at the RFP. This has been 

reported for drums that were stored at the 903 Pad Site (Calkins, 1970). The drums leaked due 

to corrosion, enhanced by the formation of hydrochloric acid from solvent degradation. 

Olsen et al., 1980, report that the average particle size of plutonium oxide (PuO,) in the waste 

cutting oils was approximately 0.2 p,  and that up to 50% of the plutonium released to the 

environment was in a dispersed form less than 0.01 p in size. The dispersed form resulted from 

dissolution of the plutonium by the hydrochloric acid that formed in the drums of cutting oil. 

Olsen et al. also report that, in the soils, the dispersed form is adsorbed to clay and/or organic 

material, and/or is precipitated as F%03-Pu02 on mineral surfaces. 
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The "hot spot" data indicate that the magnitude of contamination is significantly greater for the 

plutonium/americium than for the uranium. This is shown below for the uranium (SS100293) 

and plutonium/americium (SS 100493) "hot spots": 

Depth 

SS100293 

U-233.234 bCi/g) 

0 - 0.25" 25.4 

0 - 2' 240 

0 - 3.7' 8.27 

Depth 

0 - 0.75" 11,100 2,650 

4 - 5" 17,400 4,260 

9 - 10" 6,670 2,010 

As can be seen from the above data, the highest activity for the RADs is in the near surface soil 

but not at the surface. This is likely due to the presence of less contaminated, re-worked soil 

at the surface. However, the uranium contamination is rapidly attenuated with increasing depth, 

while the plutonium/americium activities, although somewhat attenuated with depth, are 

significant at a depth of 9 to 10 inches. This level of activity at the referenced depth indicates 

additional vertical contamination may exist. 

Figures 4-39 and 4-40 depict RAD activities in subsurface soils that are not associated with the 

hot spots. A review of these figures reveals that RAD activities in non-hot-spot subsurface soils 

are relatively low ( < 4 pCi/g). 

4.9.2 Secondarv Media 

Based on the nature and extent of organic compounds, RADs, and metals detected in each 

medium and the physical relationships between those media, three primary media of concern 

exist at OU1: surface soils, subsurface soils, and groundwater. Surface water, sediment, air, 

and biota have shown only sporadic detections of contaminants, and are considered secondary 

media at OU1. Sporadic occurrences of organics and elevated RADs and metals in secondary 

media (only RADs for air) were found during Phase III sampling, but the sources for those 

analytes may occur outside OU1. Due to transport mechanisms associated with secondary 
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media, it is possible that the sources for any potential contamination exist upgradient or 

downgradient of OU1 in areas associated with OU2 and OU5. ' 
4.10 PRELIMINARY BENCHMARKS FOR CONTAMINATED MEDIA AT OU1 

In order to assess groundwater and surface water quality with respect to ARARs, potential 

ARARS were developed as guidelines, or benchmarks, to compare analyte concentrations 

(contaminants and other analytes) present at OU1 to a regulatory health-based standard. 

Tables 4-34 through 4-40 present potential ARARs for federal and state water quality standards 

as they apply to RFP. Section 121(d) of CERCLA, as amended by the SARA, requires that 

Superfund-financed enforcement and federal facility remedial actions comply with federal 

ARARs or more stringent promulgated state requirements. Regulatory guidelines do not 

currently exist for soils and sediments at RFP. In accordance with the National Contingency 

Plan (40 CFR 300), ARARs for OU1 will be evaluated in the FS. 
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Table 4-2 

Methods and Guidelines for Validation 
of Analytical Data at Quantalex 

WATER QUALITY 

Water Quality Parameter Data Validation Guidelines Developed for Rocky Flats - 
Montana - January 1992. 

approved by Bev 

1. Functional Guidelines for Inorganic Analyses - EPA. 

2. Methods for Chemical Analysis of Water and Wastes - March 1984 - EPA. 

3. Standard Methods for the Examination of Water and Wastewater, 17th edition. 

4. SW846 - Test Methods for Evaluating Solid Waste, 1986, 3rd edition - EPA. 

METALS 

1. 

2. 

Contract Laboratory Program Statement of Work - EPA. 

Functional Guidelines for Inorganic Analyses - July 1, 1988 - EPA. 

RADIOCHEMISTRY 

1. Interim Radiochemical Data Validation Guidelines - Isotopic Analyses by Alpha Spectrometry - 
Rocky Flats Plant, Golden, CO, Version 2, May 3 ,  1991. 

2. Interim Radiochemical Data Validation Guidelines - High Resolution Gamma Spectrometry - 
Analysis of Soil and Water - Rocky Flats Plant, Golden, CO, Version 2,  May 3 ,  1991. 

3. Interim Radiochemical Data Validation Guidelines - Gross -Alpha Beta by Gas Proportioning 
Counters - Rocky Flats Plant, Golden, CO, Version 2, May 3 ,  1991. 

4. Interim Radiochemical Data Validation Guidelines - Radiometric Strontium, Cesium, Radium 228 
by Gas Proportioning Counters, Rocky Flats Plant, Golden, CO, Version 2,  May 3 ,  1991. 

5. Interim Radiochemical Data Validation Guidelines - Radium 226 Analysis of Water by Radon 
Emanation - Rocky Flats Plant, Golden, CO, Version 2, May 3 ,  1991. 



Table 4-2 (Continued) 

Methods and Guidelines for Validation 
of Analytical Data at Quantalex 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

8. 

9. 

10. 

11. 

12. 

13. 

ORGANICS 

(USEPA) Laboratory Data Validation Functional Guidelines for Evaluating Organics Analyses, 
February 1, 1988. 

Organic Data Validation Guidelines, EPA Method 502.2, Volatile Organic Compounds in Water by 
Gas Chromatography, Version 1.0, October 1992. 

Organic Data Validation Guidelines, EPA Method 524.2, Measurement of Purgeable Organic 
Compounds in Water by Capillary Column Gas Chromatography/Mass Spectrometry, Version 1.0, 
November 1992. 

Organic Data Validation Guidelines, EPA Method 613, 2, 3, 7, 8 - Tetrachloro-dibenzo-p-Dioxin 
Analysis, Version 1.0, November 1992. 

Organic Data Validation Guidelines, EPA Method 6 15, Chlorinated Herbicides Analysis, Version 
1.1, November 1992. 

Organic Data Validation Guidelines, EPA Method 619, Triazine Pesticides Analysis, Version 1.1, 
November 1992. 

Organic Data Validation Guidelines, EPA SW-846 Method 8010, Halogenated Volatile Organics 
Analysis, Version 1.0, November 1992. 

Organic Data Validation Guidelines, EPA SW-846 Method 8020, Aromatic Volatile Organics 
Analysis, Version 1.0, November 1992. 

Organic Data Validation Guidelines, EPA SW-846 Method 8080, Organochlorine Pesticides and 
PCBs Analysis, Version 1.0, 1992. 

Organic Data Validation Guidelines, EPA SW-846 Method 8150, Chlorinated Herbicides Analysis, 
Version 1.1, November 1992. 

Organic Data Validation Guidelines, EPA SW-846 Method 8240, Gas Chromatography/Mass 
Spectrometry for Volatile Organics, Version 1.0, January 1993. 

Organic Data Validation Guidelines, EPA SW-846 Method 8280, The Analysis of Polychlorinated 
Dibenzo-p-Dioxins and Polychlorinated Dibenzofurans, Version 1 .O, November 1992. 

Organic Data Validation Guidelines, EPA SW-846 Method 8310, Polynuclear Aromatic 
Hydrocarbons Analysis, Version 1.1, November 1992. 

eg&g\oul \fi-ri\tbl4-02.ju 



Table 4-3 

98.4 

Field Precision Summary* 

Matrix 

99.8 NA NA 

Group 

Organics 

Metals 

Radionuclides 

Total 

Aqueous I Nonaqueous 1 Totals II 

89.4 84.2 96.6 

Passing 
RPD 

Criterion 

96.7 

86.5 

57.4 

85.2 

Passing Passing 

* Table shows percent of duplicate data passing the relative percent difference (RPD) criteria ( S  30% RPD for aqueous samples and I 40% 
RPD for nonaqueous samples). Also shown are the percent duplicates passing theRPD criterion or the Contract Required Detection Limit 
(CRQL) criterion (difference in duplicate concentrations is less than or equal to the CRQL), the latter accounting for instrumentation 
limitations when concentrations approach the CRQL. 

NA = Not applicable 



Table 4-4 

Planned 

Summary of Data Completeness 
Number of Sampling Stations 

Installed or Sampled 

Monitoring Wells 

Boreholes 54 56 I 
37 26 I 

Surface Water Stations 

Sediment Stations 

21 15 

8 7 

Total 120 104 
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Table 4-6 

Surface Subsurface 
soil soil Groundwater 

Summary of Contaminants at OU1 

Surface Water/ 
seeps Sediments 

Inorganic Analytes 

Selenium X 

Vanadium X 

Plutonium X* X* X** X** 

Americium X X* X** X** 

Uranium X* X* 

Volatile Organic Compounds 

cis-1 ,ZDichloroethene X 

1,l ,ZTnchloroethane X 

1,l-Dichloroethane X X 

Toluene X X X X 

Total Xylenes X X X 

11 Semivolatile Organic ComDounds 

Polynuclear Aromatic 
Hydrocarbons 

Aroclor-1254 

X X X 

X X 

* Presence in these media is based on recently collected hot spot data. 
** Presumed to be present as a contaminant of these media because of the widespread nature of the contamination originating from an off-site 

source. 

Aroclor-1248 
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Table 4-7 

Analytes Eliminated as OU1 Site Contaminants 

Inorganic Parameters 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 

Cesium 
Cesium-134 
Cesium-137 
Chromium 
Cobalt 
Copper 
Iron 

Volatile Organic Compounds 

Acetone 
Benzene 
Benzene 1,2,4-Trirnethyl 
2-Butanone 
Carbon Disulfide 
Chlorobenzene 
1,2 Dichloropropane 
1,4 Dichlorobenzene 

0 

Semivolatile Organic Compounds 

Lead Potassium Strontium 
Lithium Radium-226 Stronti~un-89,90 
Magnesium Radium-228 Thallium 

Mercury Silver Tritium 

Nickel 

Manganese Silicon Tin 

Molybdenum Sodium zinc 

Dibromochloromethane 
Dichlorodifluoromethane 
Ethylbenzene 
2-Hexanone 
4-Methyl-2-Pentanone 
m-Xylene 
Methylene Chloride 
p-Chlorotoluene 

Benzoic Acid 1,4-Dichlorobenzene 
Benzyl Alcohol 2,6-Dinitrotoluene 
Beta-BHC Di-n-Butyl Phthalate 
Bis(2-ethylhexy1)Phthalate Di-n-Octyl Phthalate 
Butyl Benzyl Phthalate Di benzofuran 
4,4’-DDT Diethyl Phthalate 

p-Cy mene 
sec-Butylbenzene 
Styrene 
Trans 1,3-Dichloropropene 
tert-Butylbenzene 
Trichloro fluoromethane 
Vinyl Chloride 
Vinyl Acetate 

2-Methylnaphthalene 
4-Methylphenol 
Naphthalene 
4-Nitrophenol 
N-Ni trosodipheylamine 
Pentachlorophenol 

eg&g\oul\rfi-ri\sec_1-8\tb1_4-7 .jun Page 1 
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Table 4-18 

Sample 
Compound Location 

PCBs Detected in Surface Soils 

Concentration 
o r g k )  

RA033 Aroclor-1254 1,200 

SS100393 * 
RA03 1 

I RA030 I 540 

460 

132.5 

Aroclor-1248 RA030 670 

Samples collected from 0 to 0.25 feet below ground surface. 

* Composite sample collected from 0 to 1 .O feet below ground surface. 

Refer to Figure 4-15 for sample location and Figure 4-16 for data posting. 

pg/kg = micrograms per kilogram 

eg&g\oul\ri-fs\tb_4-15 .jun 
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Table 4-20 

881 Hillside 1987 Surficial Soil Radionuclide Concentrations 

Sample No.* 

881-1 

881-2 

881-3 

881-4 

88 1-5 

881-6 

881-7 

881-(8)** 

881-9 

881-( lo)** 

881-11 

881-12 

881-13 

881-14 

881-15 

881-16 

881-17 
(duplicate of 881-16) 

881-18 

881-19 
(duplicate of 881-18) 

M W  
Variance 

Standard Deviation 

Coefficient of 
Variation 

~ ~~ 

uraniUm233 + 234 

(PCik) 

0.56 f 0.26 

0.78 f 0.26 

0.82 f 0.26 

1.0 f 0.3 

0.86 f 0.26 

1.5 f 0.3 

0.74 f 0.26 

0.86 f 0.26 

3.1 0.3 

11.1 f 0.3 

1.0 f 0.3 

0.932 0.26 

0.94 f 0.26 

1.1 f 0.3 

2.0 f 0.3 

50 f 190 

19 f 74 

60 f 230 

10 f 740 

8.8 

292 

17 

1.9 

 raniu urn^^* 
(PCik) 

0.6 f 0.15 

0.86 fi 0.15 

0.91 f 0.15 

0.97 f 0.2 

0.88 f 0.15 

5.5 f 0.5 

0.75 f 0.15 

0.82 f 0.15 

1.0 f 0.2 

0.98 f 0.2 

1.3 f 0.2 

1.4 f 0 

1.3 f 0.2 

1.0 f 0.2 

1.5 f 0.16 

1300 f 100 

590 f 70 

3000 & 300 

550 f 602 

287 

542, 875 

737 

2.6 

Ratio of U-233, 
234 to U-238 

.9333 

.9070 

.9011 

1.0309 

.9773 

.2727 

.9867 

1.0488 

3.1 

11.3265 

.7692 

.6643 

.723 1 

1.1 

1.333 

.0385 

.0322 

.02 

.0182 

~ 

Plutonium 
(Pew 

4.3 f 0.5 

2.4 f 0.2 

4.8 f 0.5 

0.18 f 0.006 

0.59 f 0.008 

2.2 f 0.2 

0.63 f 0.09 

1.8 f 0.2 

0.47 _+ 0.006 

3.5 & 0.4 

2.6 f 0.3 

0.4 f 0.06 

0.16 f 0.06 

3.0 f 0.4 

0.01 & 0.06 

0.3 f 0.06 

0.78 f 0.19 

0.42 f 0.08 

0.09 f 0.06 

1.5 

2.4 

1.5 

1 .o 

*See Figure 4-15 for sample locations and Figures 4-17 and 4-18 for contaminant concentration maps. 
**(8), (10) - Sample identification inferred from original data. 

pCi/g = picoCuries per gram 

Data from: Personal Communication, Richard Lawton, 1989. 
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Table 4-22 

Uranium Isotope Ratios in Surface Soil at OU1 

Location 

0 
1 
3 
4 
10 
1 1  
15 
16 
19 
20 
21 
22 
27 
28 
29 
30 
31 
33 
34 
35 
36 
RAOIO 
RAOI 1 
RAOI 1 
RAO 12 
RA013 
RA014 
RA015 
RA015 
RA015 
RAD 16 
RA017 
RAO 18 
RAO 19 
RA020 
RA021 
RA022 
RA023 
RA024 
RA025 
RA026 
RA027 
RA028 
RA029 
RA030 
RA031 
RA031 
RA032 
RA032 
RA033 
RA033 

Sample 

ss03020ws 
3021ws/ss03022ws 
3024ws/ss03025ws 
sso3027ws 
ss03028ws 
ss03029ws 
3030ws/ss03031ws 
ss03030ws 
ss03032ws 
ss03035ws 
SSO3036WS 
sso3037ws 
ss03038ws 
ss03039ws 
ss03040ws 
ss0304 1 us 
ss03042ws 
ss03043ws 
ss03044us 
ss03045ws 
SSO3046WS 
ss03047ws 
ss03048ws 
ss03049ws 
3050ws/ss03051ws 
ss03053ws 
ss03055ws 
SSO3056WS 
ss03058ws 
ss03059ws 

Depth 

0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25'' 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25'' 
0.00 - 0.25" 
0.00 - 0.25" 
0.00 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 

Ratio 
- 

0.97 
0.99 
1.15 
1.17 
0.89 
0.83 
1 .oo 
0.27 
0.75 
0.91 
0.80 
1.11 
0.52 
0.34 
0.67 
0.71 
0.98 
0.93 
0.45 
0.79 
1.46 
0.91 
1.03 
0.81 
1.12 
0.82 
1.14 

0.98 
0.92 
0.89 
0.90 
1.06 
0.99 
1.01 
0.94 
0.87 
0.93 
0.92 
1.03 
0.79 
1.01 
0.86 
1 .I2 
1.31 
0.77 
0.69 
0.80 
0.97 
0.56 
0.69 

Note: All samples are composites with the exception of those 
marked with an asterisk. Page 1 of 2 



Table 4-22 

Uranium Isotope Ratios in Surface Soil at OU1 (continued) 

Locat ion 

RA034 
RA035 
RA036 
RA037 
RA037 
SS100193 
SS100193 
SS100293 
SS100293 
SS100293 
SS100393 
SS100393 
SS100493 
SS 100493 
SS100493 

Sample 

SSO3061WS 
SSO3062US 
SSO3063US 
SSO3064US 
SSO3065WS 
SS10002ST 
SS10003ST* 
SS10004ST 
SS10005ST* 
SS10006ST* 
SS10007ST 
SS10008ST* 
SS10001EG* 
SS10002EG* 
SS10003EG* 

Depth 

0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 0.25" 
0.0 - 1.4 II 

0.0 - 0.25" 
0.0 - 2.0 
0.0 - 3.7 
0.0 - 0.25" 
0.0 - 1.0 
0.75 'I 

4.0 - 5.0 
9.0 - 10.0 'I 

Ratio 

1.05 
0.95 
1.41 
0.94 
1.07 
1.80 
3.52 
18.27 
158.94 
10.62 
1.67 
0.85 
2.06 
0.91 
0.75 

Note: ALL samples are composites with the exception of those 
marked with an asterisk. Page 2 of 2 



Table 4-23 

VOCs Detected in Hot Spot Samples 

Sample 
Location 

Sample Concentration 
Depth Compound o r g k )  

Refer to Figure 4-11 for sample locations and Figure 4-16 for data posting. 

pgglkg = micrograms per kilogram. 

2 .O-2.3 ’ 

3.3-3.6 

eg&g\oul\rfi-fi\tbl-4-23 .jun 

PCE 170 

PCE 15 



e 

e 

S .? 
2 c 

E 
E 
c E 

c 
a. 
c 

.- 
r 
c 7 

P 

0: 
VI 

8 
8 
0 

8 
0 

2 
8 
8 
0 

i 
m 

z 
8 
0 

0 0  
0 0  
0 0  
0 0  

h 

2 2 2 2 0: 
VI 2 



is 
% 
C 
c 
a 
t 
n 

C 
3 
3 

E 
Y 

.r 

7 

W 

t 
.r S 

c 
S 
a 
2 
E 
a 
I 
.r * 
c z 
T 
.r 

a 
S 

T 

c 

.r 

a 

a 

E 
1 
1 
6 

.C  

s 
8 
0 

m 
0 
0 

8 
9 
0 

m m 
cc) 
m 
cc) 

x 

ti 
C 
Q c, 

2 
& 

\o 
0 
0 
0 
0 

8 

a4 
3 - 
9 
I 
E 



8 
8 

8 
0 
0 
0 

0 
9 

8 
N 
m 

x 

E 
of h 

il 

3 
4 

VI 

8 

8 
0 

E 
8 
0 
0 

8 N 
m 

c 
% 
E 

3 
3 

r), 

8 0 

8 
8 
0 
0 

8 
N 
m 

8 

3 
4 

v) 

g 
0 

B 
8 

0 
8 
4 

m 

Q 
C 
h 
a 

3 
3 

wl 

8 
8 
0 
0 

3 

8 

8 4 

m 

8 
0" 
0 - 

4 
4 

VI 



2 
8 
9 
0 

0 

0 

0 m 
8 

2 
00 
8 
0 8 0 

9 
0 

0 
8 
0 

B 
8 
0 
0 

8 
0 
o\ 

x 

2 
& 

E 
c\) m 

E c- 
d 

0 

E cu m 
E w 
m 

2 
rA 

2 
FA 

s 
rA 

s 
m 

8 
8 
0 
0 

E 
0 m 

8 
0 m 

E m 
0 

s 
& 

0 

E 
8 
8 

c1 
c1 
0 
0 
0 

0 
9 

2 
FA 

s 
rA 

s 
rA 

2 
FA 



1 0 

E: 

0 

0 

s" 

E 
8 
8 

m 
0 
0 
0 
0 

8 

E 
8 

!2 
0 
0 

0 
9 

8 

8 
0 

E 
0 
0 

0 
9 

2 

8 
0 

8 
0 
0 
0 

0 
9 

P 0 

d 

0 
0 
0 
0 

0 
9 

E 
8 
8 

;3 
0 

0 

B 
r2 
0 

s 
0 
0 
0 

0 
9 

m 
0 
0 
0 
0 

0 
9 

e 

m m 
ca 
P4 m 

h ca 

d m 
x 00 

r- m 
;3; 

\o 

d m 
x 00 m 

ca m 
m 

h E 2 
d 

P I  m 
d 

m m 

S 

T 

c 

. C  

a 

a 
+ 

c e 
c E 
..- 
r c 

5 

m 

VY 
c? 

m 

VY 
c? 

m 

VY 
c? 

m 

2 
CCI 

2 
m 

VY 
c? 

m 

VY 
c? 

m 

2 



0 

8 
0 
0 
0 

0 
0. 

8 m m 

5 C 
Q 
h 

N 

2 

Q 0 

8 
0 
0 
0 

8 

8 3 

v, 

i2 a $ 

N x 

ij 

8 
0 

3 

0 
0 
0 
0 

8 

8 m m 

c 

8 
E 

N 

2 

H 0 

i 

8 
0 
0 

8 

g m m 

- .e 

2 

N x 

H 0 

E? 
8 
8 
0 

E i 
m 

a, 
E: 
c, 
a 

N 

v) 
3 

8 
8 
0 

0 
0. 

E? 
0 
0 
0 

8 

8 
r4 m 

3 
P 
0 
CI 

8 

N x 

H 0 

E! 
8 
0 
0 

8 
d 
N 

B 
E, 
E 

N 

vl 
3 



8 
8 
8 
0 

8 
0 
0 
0 

8 

E 
cc) 
m 

x 

9 
E 
(3 c, 

00 

2 

8 
0 
0 
0 

8 

3 

0 
0 
0 
0 

8 

d 

r- 
CI 
E 

2 a 2 

00 

m 
3 

6 
8 
8 
0 

8 
0 
0 
0 

8 

8 
d 
m 

c 
!4 
E 

a, 

m 
3 

CI 
0 

0 
8 
8 

* 
0 

0 
8 
8 

8 cc) 

(r, 

* .4 

L. 

2 

a, 

m 
3 

8 0 

8 

8 
8 
8 
0 

\D 
d 

(r, 
b, 

3 

00 

m 
3 

8 
0 
0 
0 

8 

3 
0 
0 
0 

8 

z z 

e, 
E 
1 
c, 

00 

v1 
3 

g 
8 
8 

g 
0 
0 

0 
9 

0 

00 
d 
8 

b e 

B n 

a, 

w 3 



3 

0 E 
8 

E 
8 
0 
0 

E m m 

c 
ii 
E 

rn x 

3 

0 

8 
0 

8 
8 
0 

0 
9 

E z 

._ 

5 

rn 
VI 
3 

8 
8 
0 

s 
0 
0 
0 

8 

m 

P4 m 
F 

a, 
K a 
h 

3 

0 
0 
8 
8 

s 
8 
0 
0 

3 
3 rn 
00 
d 

3 

0 

8 
0 

8 
4 

3 

P m m m 

0 

8 
0 
0 
0 

0 
9 

3 cc) 

m 

B 
8 
8 

0 

8 

m m 
W 

rn 
M 

s 
8 
8 

8 

8 
0 
0 
0 

E 
P 
d 

h - a 
h 

c 

m m  2 2  m 
VI 
3 

m 
VI 
3 

m 
VI 
3 

o\ 

VI 
c; 



* * 
ii c 
m c) 

0 

2 

0 0 0 0 
H 0 

c 
2 
E 

0 

2 

e, 
C 
h 
a 

0 

2 

h 
1 
3 

c) 

0 

2 

Y v1 
a 
M 

3 

0 

2 

8 

4 

9 

d E, 
LA 

0 

2 



VI 

1 0 

d 

$ 0 

Q 
VI 
m 

8 0 

D 0 

Q m 
m 

d 

0 

m 

i 0 

Q m 
c'1 

I Q 

S z 
0 

Q 
3 

t 0 

B 0 

Q 00 

c'1 

B 0 

1 0 

Q m 
d 

B 
h 

2 2 2 3 

x 
d a 
h 

3 

D 0 

3 3 3 



0 d 0 0 0 0 0  

Ccl 

0 

Q 
$1 

0 e 
h 
a 

2 
& 

8 0 

m 

B 0 

Q N 
m 

s 
& 

B 0 

Q m 
m 

2 
h 



8 0 

I 0 

Q 3 

0 

ii s 
h 

3 - 
& 

8 0 

B 0 

8 c- 
d 

I 0 

1 0 

E m 

I 0 

I 0 

Q 
2 

B 0 

8 0 

8 
53 

8 0 

8 0 

8 d 

B 0 

P 0 

8 
2 

3 
3 

& 
3 
3 

& 
3 
3 

& 
3 
3 

& 
3 
3 

& 
d 
d 

& 
3 
3 

& 



8 0 

B 0 

Q 2 

5 C 
Q 
h 

z 
r;, 

H 0 

Q m 
el 

2 
r;, 

II II II II $j 



0 I 

I 0 

Q H 
m 

c !i 
cd 
h 

m 

m 9 

0 I 

I 0 

Q 
00 
d 

2 E 

m 

2 

I 0 

B 0 

Q 7 4  

m 

4 

m 

2 

I 0 

D 0 

Q 
m 
m 

x 

2 

m x 

0 

B 0 

8 .-.I 

* x 
h 

3 a 

Ccl x 

0 

f 
4 

Q N 
m 

c) 
rA a 
bo 

4 

m 

2 

8 0 

i 0 

Q H 
m 

I 0 

f 0 

Q 
m 
m 

0 x m x 

I 0 

I 0 

Q N 
m 

m 

v1 
9 



B 0 

i 0 

8 v, 
m 

!I E 
Q c, 

N 

m 
3 

H 0 

i$ 0 

Q 
d m 

ii- 

E 
2 

N x 

I 0 

B 0 

8 
m 
m 

x 
2 

N x 

0 

f 0 

8 m 

a, 
E 
c, 
a 

N x 

B 0 

I 0 

8 a 
d 

x - a 
c, 

N x 

0 

I 
4; 

8 m 
m 

c1 m 
a 
M 

4 

e4 x 

H 0 

D 
4; 

8 m 
0 

H 0 

8 
4' 

8 VI 
m 

B 0 

8 
4; 

8 
V I  m 

N x N x e4 x 

v) 
CI w o  

0 0  
0 0  
0 0  
0 0  2 2  



I 0 

8 0 

Q x 

2 
z E! 

00 x 

I 0 

I 0 

Q a 

2 
E 

00 x 

0 

I 0 

8 
Ki 

0 
E 
h 
a 

00 x 

I 0 

f 0 

8 H 
d 

h 

h 

d a 

00 x 

I d 

B 0 

Q 00 

N 

5 
E B 
!3 
VI 

00 x 

I 0 

8 0 

Q M 
rn 

B 

00 x 



8 0 

H 0 

Q 
o\ 
N 

x 

3 

o\ 

2 

1 8 8 8  0 0 0 0  

B 0 

o\ 

2 x o\ x 

t It II II II 

8 
*=-E%. kL b 

g, 



B 0 

f 0 

8 ln 
m 

k E 
4 

s 
m 

B 0 

I 0 

8 
d m 

!? 
E 
2 

0 

m 
P 

8 0 

8 0 

8 
d 
m 

2 
E 

s 
m 

I 0 

P 0 

8 
d m 

B 

s 
m 

I 0 

I 0 

Q 6\ 
m 

e, 
C 
h 
a 

s 
m 

I 0 

8 0 

Q 
00 
d 

r. 
h 

- a 

s m 

I 0 

I 0 

Q m 
m 

Fi 
E 
S a m 

7 
m 

8 0 

B 0 

8 
2 

P 0 

0 0 

Q 
VI m 

0 

m P s 
m 

I 0 

B 0 

8 
VI 
0 

s m 



Bwi 0 0 0 0  

h 

0 

$ 0 

9 
0 

8 0 

9 
0 

t; 
0 
0 
0 

0 
9 

v) 
rl 
4 
0 
0 
0 

0 
9 



E 
8 
0 
0 

z3 
8 
8 0 

8 
0 
0 
0 

0 
9 

8 0 

8 i 0 

v, r( 
0 
0 
0 

0 
9 

00 
v, 
0 
0 
0 
0 

2 

z3 
0 
0 
0 

0 
9 

0 

d 
d 

If: 

8 8  rn 
0 0  
0 0  
0 0  
0 0  

8 
8 0 0 0  



0 0  

81 0 0  1 0 

3 f P  0 8 

h 

c-, 
- 
a 

5 
OQ m 



i 0 B 0 
0 0 

5 
01) m 

5 
01) 
m 

5 
01) 
m 

a4 a 
I 

j 2 n z s  



H 0 

H 0 

m 

00 
hl 

9 

G a B 
h 

Y 
2 

Y z 

* * 

Y 
2 

i H i i 8  0 0 0 0 0  

Y z 

A 

h 

CI a 

Y 
Z 

Y 
2 

I 0 

8 t m  
0 0 



H 
0 

H 0 

8 0 

b 
P4 

B 0 B 0 8 0 8 0 I 0 

h E 



C II 
0 II .- II 

L II - C II 

g % II 

p : II 
t s II 
s7J II 
; a II 

2 +I II 

v) v II 

C I1 

L I1 . rn II 
0 Y If 
z 0 II 

m ti 
m II 

L II 
Q II > II 
0 I t  

0 m o ~ m  

O Q U m M m b  0. -b 
O - M Q I O m N  
0 0 Q U b 0 . U  

NNNNNNN 

I? 
? < ? ?  
o z o o  

"""k"s?" . . . .  
0 0 0 0  

3 3 3  
0 
0 0  0 

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0  .ooq 
???%A?, 
a u m - - m u  

0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 .  

UM-Nm-eO  
. .e;??? 

O O O M  
O O Q N  
U O M 0 .  

0 0 0 0  
? ? ? ?  

0 0 0 0  
0 0 0 0  u m - r -  
"?019v! 
O O O N  

I , , ,  

0 0 0 0  
0 0 0 0  
Nu--- 
????  
o o y o  
I ,  , 

0 0 0  
O - U m  
- 0 0 0  

s999 - 0 y y  
0 1  

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0 

0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  . . . . . . . 
m u U - N m -  

- 
N-0-000b 

W z 

c z z w  
w e u z  
O I I W  w 
aiccs  z 
o w w l -  v )w  
a o o w  W I  
==ai0 zl- 
vooa i  w w  
- a 2 0  2 0  
aiII2  * a i  
C U V I W X O  
n r - v z  -1 

. I  I a i ? = ) U U  
- - N e J C -  - .  . W O O a i  
- - - l -cI-l- 

s w w  

- n n u w 2 1  

A .- 
V 

.- I- 1 
P 
ai 

22I-l- 
- - 0 0  
u u c l -  



0 -  

c .- 3333333 3 3 3 3 3  

FN 
-N 0 0 0 0 0 0 0 - 0 ~ N 0 ~ 0 0 0 ~ ~  N v -  



0 

N 

0 m m 
n 

0 0  

v) 
c .- 
w 
Q) 

0 
Q) 

Q) 

v) 
c, 
C 
Q c 

Q 
C 
0 
0 

c, 

c, 

n 

.- 
E 
w 

c I I  
a I1  
al II 

c 11 

u I I  
a I I  L I I  
u I I  c I I  
al I1 
0 I I  c 11 
0 I I  u I I  

= II 
2 II 

9 9  

0 

co 
- u  N Z  

K 

3 

0 
FF 

3 

-In 

-0 

333333333333333333 

, , , , , , ' , , , , , , 1 1 1 1 1  

333333313333323333 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

444444444444444444 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

NNNNNNNNNNNNNNNNNN 

bM e . 9  
"0 :  9 -* 

9 
N M  
39 9 0 0  

3 

NVI 

93 2 0 0  

0 

3 
I ,  

0 0  
0 
M 

9 MM 



suo0 * O m -  
U-NU 

c 

0 0  0 0  a 0  0 0 0  0 

- m U m a D m k O h N U  M U N O  
O - a M - N U - a N - -  NUNU 

coo 0 0 0 0 0 0 0  R ' 4 8 m  

II 

w II 
n w  II E 2 I! 
4 

VI VI II 



0 0 0 0  

c 

+ - 

k?6? 
NMNU 

* m II 
Y II 
m JI 

A II 

w 

I1 

II  

I1 
I I  

I I  

c I I  

c, II m II  
L 11 
w I I  c I I  aJ al I I  
0 tn I I  c c I I  
0 m I I  
L) oz I I  

2 I I  

0 0 0 0 0 0 M N Q e O d  
m e - N  N 

O b 0 0  
In 

3 3 3 3 3 3  3 111 

5 .- 
U m 
al ln 
0 

2 
n , I I I , * I I I I I I  

3 3 3 3 3 3 3  3 

M b N  
- -e" -  

000000-ooomo 
. . . . . .  ??"! h! 

d 

m c, 

0 c, 

111 
c, 
0 
al c, 

8 
c I I  m 11 
-Y 11 
m I I  

A I I  

w I I  

0.0.Ub *.am- 
+ 
0 

L 

4 c 
II 

I I  
I1 

1 II 
'5 II .- I1 
c, II m I I  
L 11 
c, I I  c I1 al al I1 o m I I  

I5 E II 
IU oz I I  

d 0 e m 0 0 . 0 0 0 0 0 0  
2 u . D  p 

OU2MONObObNO 
0 0 VI--ON-0 111 

c, c 
111 

L 
a 
2 .a \tN r 

O c b 9 N h O e 0 0 - 0  
? "i PI? Y 

0 

c, 

oz 

.- 
m 

c I1 
Y I I  

A I I  

m i t  

m I I  

w I I  

OU30UNONQ0.00e  
N N  

OMO* 
N 

al u 
m L 
al 

0 
c 

3 ii 
7 
3 
L 

Y u 
m 

m 
0 
z 

111 
0 
.. 
.- 
E 
& 
m 

arar 333 



c II 0 II 
e- II 

A U II m II 
v) L II c u  II 
0 c II -- aJ II 
u u II 

> 0 II 
L U  II 
aJ II 

m c II 

g j  j j  
0 I I  

v- L II 
Y II 

o m II 

N 
v- 
0 - 
aJ 

m m 
n 5 .- 

U m 
u 0 

O M O P  

. 0 II 
0 m 11 
z m  I I  

L 
0 -  
v - .  

c 

0 
0 
0 
'9 

G E E  

u o  
OUON-0-U-00- 

M O .  
9-1c.- 

aaaaaaaaaIna u u u u u u u u u u u u  

4 0 

aJ II 
w II >. II - II 
c II 

u II - 
m II 

i II = 
5 !I 0) 

W 

U m 
0 > 

4 .- 
d 



c II 
.I! I! 

al 
C U 

P 

t 

h 
0- a *  

In a- 
, ?  

u 4 4 c u u u u c c u  
Z Z Z Z Z Z Z Z Z Z Z  

- 
M O O N r N O F M - a  M -  

hco NN sosoasosososoaaaso 
M M M M M M M M M M M  

C 
0 .- 
U 

0 
0 

m 
4 

N 

rc 
0 

N 

Q 
m m 
n 

h 

* In 
a 

h‘ 
a0 
M 
In 

pc so 
N In 

a In 
M 

M In 
rn 

h- w 
0 

h 

0 
z 

ln c 
0 

U 

0 
0 -J 

m 
.- 



c II 
.E I! 

W r r 

N 

+ 
0 - 

m r 
W c 
0 

W m m n 
c 0 

.C 

U m 
0 
0 4 

r 
0 
W L I I  

a, I I  s II L 
0 -  

c y - .  

N 
k 
ds, 
I .nu 

* 3  0: 
00:  ' In 
m m a -  

0 0  0 

0 0 0 0 0 0 0  
- 0 .U Inm0. I nbObN,  

O - O M - N U - S N - -  

8 8  0 0 0  0 

a U UN - 
0-baNbOr00-0 
'9 Y k? '? 

NNNNNNNNNbN 
aInInInInInInInInInuIn 



c I 1  
2 I! 

al 
.c U 

- .. 
v) u II ,= m I1 

L I 1  .o u I1 : f II 
k s II 
; a 11 

> v I1 

v) v I1 
n 02 j j  

L II  . m 11 
0 Y II 
z 0 If m i t  - I! 

L ii  
$ 11 
0 I t  

a a a u a a a a a a a  z z z z z z z z z z z  

r- 
UM 

h 
o u  
-0U 

m a -  
$ 0 :  

N 

0 0 1  m -  
<"i 

oo 0 0 0  0 0 
m u  0 0 0  0 0 
N b O 0 0 0  NO 0 E"! 
SfS323EEi?!2R! M M  

NO 

"i 
N-NNU--NN-In h N  

r- 
UM 

0 1 -  * m  

c 
0 
r 

0 

.- 
m 

z 
0 m 
al 
I 
0- - - .  
$3 
I' 

N 

'c 
0 

N 

al 

m m 
n 

h a 
m 
m 

b' a 
01 * 
co co * 

- 
01 

M 
2 

2 
0 

x 
01 
0 

h' co 
U 0 



Q 
r r 
v- 

a 

v) 

O d O O  

0 

0 0 0 0 0 0 O I N M * O *  UbOIOI 

m 

d C 
0 

C 
0 

r 
m 
.- 
:: 
r 
0 
m 
Q 

L 
O h  
y . .  

N 

v- 
0 - 
Q 

m 
m 
n 



Q 
r +I 

m ii 
L II 
Q II 
> II 0 I1 

+ 
Q 
L 

4 .- :I 
> 

0 0 0 0 0 M 0 - 0 0 0  

0: 
N 4  
*z  

ics 

2 
.n 

O Z  

d 

m r 
Q c 
0 

c 
0 

+I 
m 
.- 
8 
d 

r u 
m 
0) 

L 
O r .  - .  

N e 
\c 
0 

N 

!2l m 
n 

.- 
In c 
0 

+I 

0 0 
2 

Incc ,  
*- 0 0 

a- 0 c+I+I m u a l  
z -  Q U  
c u c  

.- 
m o a n  



0 0 0 0  

c 
0 

e, 
m 
U 
0 

.- 

r U 
m 
W 

Z c e  
Q o r  

0) 

m 
m 
n 

a co s 

v) c 
0 

r m 
0 0 

.C 



al 
c + 

d 
m 
X 

W 
C 
0 

I 

N 
L 

0 

N 
al 
m m s a 

+ m 
0 
d 

M- 

* 
c II m II 
al II 

c II 

u II 
m II L II 
u II 
c II al I1 
0 II c I1 
0 II u II 

= II 
2 II 

c .- II 

II 
aI I I  

c II 

p: II 

c II 

u II m II 
L I1 + II c II 
0 II 
v I1 

u I1 

m II 

m II 

2 II 

5 I! 
c .- 

0 0 0 0 0 0 0 - 0 0 0  M- 

In 

M 
m 

L 



b 
00 
00 
0 

I 

r 

* 
aJ c 
0) 

c U 
aI 

0 

c 
0 

L 
e 

e 
d 

.- 

* aJ 
C 
aJ 
I w 
aJ 
0 L 
0 

J= 0 

m L CI 

a, 
c 

d 

t 
Y- 

2 
0 

.!= u 
L 

* 
2 
L 
0 

.c 0 

U 

0 c 

d 

E 

5 L 
m u 

c 
0) 
C 
al 
c 
e, 

e 
0 

c 
0 

d 

I.- 

? 
e - 

d 

v) 1 

aJ m m 

d 

\ m a 

v) U 

C 
3 

.- 



NOTICE 

This document (or  documents) i s  oversized f o r  1 6 n  
microfilming, but i s  available in its ent irety  on 
the 3 5 n  f iche  card referenced below: 



NOTICE 

This document (or documents) is oversized for 1 6 m  
microfilming, but is available in its entirety on 
the 3 5 m  fiche card referenced below: 



NOTICE 

This document (or documents) is oversized for 1 6 n  
microfilming, but is available in its entirety on 
the 3 5 m  fiche card referenced below: 



NOTICE 

This document (or documents) is oversized for  1 6 m  
microfilming, but is available in its entirety on 
the 3 5 m  fiche card referenced below: 



0 BH1587 

BH 1787 
0 

B ’  

U 
3279 f 

31 49 
0 

- . . . -  / . _ .  

7 & 32591 I 4y[J’ 

\ 
\o 0487 

C’ 
@39291 

O4787 

3899 

. -  

. - .  . . c . .  

+ 
0687 

0 
/ 

0 

2 
0’ 

’ /- 
0 

9 

. . .  - 0 31391 
, . . -  

, . , -  
,rrr 

0 -  

b EXPLANATION 
INDIMDUAL HAZARDOUS SUBSTANCE 
SITE (IHSS) DASHED WHERE DISTURBED 
DURING CONSTRUCTION OF FRENCH DRAN -N- 
PIEZOMETER 
ALLUVIAL WELL 
BEDROCK WELL 
BOREHOLE 
ABANDONED WELL 

100 

a 
PRE- 1 986 WELL 0 50 

D R M  POINT HOLE SCALE: 1’-100’ 
CROSS-SECTION LINE - 

U.S. DEPARTMENT OF ENERGY 
Rocky Flats Plant, Golden, Colorado 

881 HILLSIDE AREA 
OPERABLE UNIT NO. 1 

PHASE UI RFI/RI REPORT 

Key to Cross-Sections 
Illustrating Geology and 

Contaminant Concentrations 

Figure 4-6 
*ucm lee3 



NOTICE 

This document (or documents) is oversized for 161x11 
microfilming, but is available in its entirety on 
the 3 5 m  fiche card referenced below: 



NOTICE 

This document (or documents) is oversized for  16mn 
microfilming, but is available in its entirety on 
the 35mn fiche card referenced below: 



NOTICE 

This document (or documents) is oversized for 16mn 
microfilming, but is available in i t s  entirety on 
the 3 5 m  fiche card referenced below: 



NOTICE 

This document (or documents) is oversized for 16mn 
microfilming, but is available in its e n t i r e t y  on 
tfie 35m f i che  card referenced below: 

Document #== 

Titled'  

36 
Fiche location: - ouQ\,\ _ -  rnz 



SECTION 5 

CONTAhDNANT FATE AND TRANSPORT 

It is necessary to understand the environmental fate and transport of contaminants present at 

OU1 in order to determine the potential for on-site and off-site migration of contaminants, and 

to assess the potential for present and future exposure to these contaminants. The mobility and 

persistence of contaminants within the various environmental the media at OU1 are determined 

by the physical and chemical characteristics of the contaminant and of media, the release of a 

contaminant to a migration pathway, the rate of migration along a pathway, and the type and rate 

of degradation and transformation in the media or pathway. 

Section 5 identifies migration of VOC-contaminated UHSU groundwater and eolian dispersion 

of RADs as the most significant contaminant migration pathways. Secondary pathways include 

the migration of VOC-contaminated soil gas and the transport of RADs and PAHs by surface 

water. Contaminated UHSU groundwater typically flows in channels incised in the claystone 

bedrock that are overlain with saturated colluvium. Groundwater contaminants (VOCs and 

metals) typically migrate slower than the groundwater as a result of retardation mechanisms 

including adsorption of VOCs and metals to clay mineral surfaces and organic matter. Metal 

contaminants (selenium and vanadium) are further retarded by ion exchange with components 

of the solid aquifer matrix. The observed horizontal and vertical travel distances fall within the 

range of predicted travel distances for both metals and organic contaminants. However, 

calculations of vertical migration rates high enough to account for LHSU contamination require 

using the highest measured permeability values for the LHSU. 

The general framework of the potential routes of migration is reviewed in this section, followed 

by a detailed discussion of the physical and chemical characteristics of the media and 

contaminants that influence contaminant behavior and mobility. Section 5 closes with a 

discussion of major contaminant migration pathways, and modeling methods and results. The 

discussions are pertinent to the three major areas of contamination (Building 881 area, M S S  
119.1 area, and IHSS 119.2 area). However, quantitative contaminant transport analyses are 

performed using site data specific to the MSS 119.1 area as it is the most highly contaminated 

of the three. 
@ 
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5.1 TRANSPORT PROCESSES 

Contaminant fate and transport at OU1 are controlled by release, transport, and degradation 

processes operating in each of the environmental media present: surface and subsurface soils, 

groundwater, surface water, sediments, air, and biota. Processes likely to control contaminant 

fate and transport at OU1 are described below; the discussion is based on known and inferred 

site conditions using data from all phases of the RI. Because human activities can also influence 

the distribution of contaminants at the site, especially contaminants resident in surface soils, 

probable anthropogenic processes are also considered. Figure 5-1 summarizes in schematic form 

the probable fate and transport processes operating at OU1. 

Figure 5-1 illustrates that contaminants present in surface and subsurface soils (RADS, VOCs, 

and SVOCs) may potentially be released to the unconfiied UHSU groundwater by a variety of 

desorption or leaching processes. Organic contaminants in subsurface soils may be released to 

soil gas or the atmosphere through volatilization. RADS and semivolatile PAHs present in 

surface soils may be transported to surface water or spatially redistributed by erosion and 

overland flow or dust resuspension by eolian processes. Contaminants in surface water (present 

during major precipitation events) may enter the SID or Woman Creek, or infiiltrate to the 

UHSU. 

Contaminants present in UHSU groundwater may migrate by advection and dispersion, discharge 

to surface water via seeps, or volatilize (VOCs only) to soil gas, and ultimately disperse into the 

atmosphere. Based on the limited groundwater elevation data, contaminated groundwater in the 

UHSU at OU1 appears to be captured by the French Drain,'although a small quantity may 

infiltrate into the low-permeability claystone strata of the LHSU (refer to Section 5.3.2.2 for 

further discussion of vertical migration of groundwater). The eastern end of OU1 is not 

influenced by the French Drain, and UHSU groundwater in this area may discharge to Valley 

Fill Alluvium and ultimately Woman Creek. 

General contaminant transport processes considered to be relevant to conditions in each of the 

media at OU1 are discussed in Section 5.1.1, and Section 5.1.2 compares and contrasts the fate 

and transport processes operating at the individual IHSSs at OU1. 
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5.1.1 TransDort Processes in OUl Media 

5.1.1.1 Soil Processes 

Contaminants present in surface and vadose zone soils have the potential to migrate from these 

source areas to underlying groundwater in the UHSU. However, the primary process 

responsible for VOCs in OU1 groundwater, namely, the vertical migration of mobile DNAPL 

(refer to Section 4.9) has most likely ceased given the 20 years time since wastes were stored 

at OU1. Contaminants in source area soils are subject to a variety of potential desorption and 

leaching processes involving infiltrating water from the surface. Contaminants with high 

aqueous solubilities are most susceptible to leaching and desorption, while contaminants with an 

affinity for the solid phase (low solubility) are generally retarded in the vadose zone and exhibit 

low mobility. 

Volatile or semivolatile contaminants in subsurface soils may migrate to the atmosphere via 

volatilization to soil gas, which then migrates through the vadose zone to the atmosphere. In 

general, volatilization leads to dispersion, migration, and dilution of contaminants in the vapor 

phase. Solid-phase contaminants or contaminants adsorbed to the solid phase may be released 

to the air for transport by the suspension of contaminated particles by wind erosion. Transport 

of contaminants as fugitive dust results in redeposition on surface soils both on- and off- site. 

0 

In addition to transport processes affecting contaminants in OU1 soils, there are various decay 

and transformational processes that alter the concentration or persistence of contaminant species. 

Decay and transformation can be caused by abiotic chemical. reactions, such as oxidation, 

hydrolysis, or photolysis. Degradation and transformation also can be biologically mediated by 

microbes and other organisms residing in surface soils and vadose zone alluvium/colluvium 

materials. The type, rate, and completeness of any transformation process is ultimately 

controlled by the physical and chemical conditions present in OU1 soils. Section 5.2 discusses 

the physical and chemical conditions that affect both transport and decay processes. 
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5.1.1.2 Groundwater Processes 

Several contaminants at OU1, specifically the chlorinated solvents, are thought to have originated 

as pure liquid phases and migrated to groundwater after percolating directly through the vadose 

zone soils. The basis for this contaminant release model is historical release information 

reporting drum storage at OU1 coupled with historical aerial photographs depicting, among other 

things, what appear to be drums (refer to Figure 3-26). For contamination residing in surface 

and subsurface soils, transfer to groundwater can occur by various desorption, dissolution, and 

leaching processes. Another potential mechanism of release to groundwater is the dissolution 

of immobile residual free-phase organic contaminants residing in vadose zone soils or in direct 

contact with groundwater in saturated soils. Free-phase organic liquids have not been observed 

in groundwater samples, nor have the concentrations detected in vadose zone soils been high 

enough to suggest the presence of free-phase product. However, the presence of mobile or 

immobile free-phase hydrocarbons is postulated for IHSS 119.1 based on the high concentrations 

of chlorinated solvents reported in groundwater samples. Additional discussion on the 

occurrence of free-phase hydrocarbons is presented in Section 4.9. 

Once having entered groundwater, contaminants can migrate in OU1 groundwater by advective 

flow, which is the transport of solutes via bulk flow of groundwater in response to hydraulic 

gradients. Contaminants in groundwater may also migrate by dispersion, which is caused 

primarily by mechanical mixing during fluid flow, and generally results in the dilution of 

contaminants with increasing distance from the source. The migration of contaminants in OU1 
groundwater is typically retarded to some degree with respect to groundwater flow rates by the 

interaction of contaminants with the solid phases present. Retardation of contaminants is a 

function of the affmity of a contaminant for the solid phase and is dependent upon the properties 

of the contaminant and on the organic carbon or clay content of aquifer materials. 

Migration between the UHSU and LHSU is considered to be minor due to the low permeability 

of the upper Laramie Formation claystones that compose the LHSU. Contaminants that do enter 

the LHSU would be subject to retardation processes in this low permeability clay-rich unit. 

Vertical groundwater migration rate calculations are presented in Appendix B6 and discussed in 

Section 5.3.2.2. 
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Contaminants in OU1 groundwater may migrate further by volatilization to soil gas. The 

occurrence of VOCs in soil gas, as described in Section 4.9, indicates that this migration process 

is active at OU1. Volatilization of contaminants from groundwater is controlled by several 

factors including the thickness of the overlying vadose zone soils, soil permeability, moisture 

content, vapor concentration gradients, vapor pressure, and the Henry’s law constants of 

individual contaminants. 

As in vadose zone soils, decay and transformation processes can alter or degrade contaminants 

in the saturated zone. The type, rate, and completeness are also controlled by the physical and 

chemical conditions present. Details of decay and transformation processes potentially active 

at OU1 are described in Section 5.2. 

5.1.1.3 Surface Water and Sediment Processes 

No continuously flowing water courses or standing bodies of water exist within the OU1 

boundaries. However, surface water is likely to be present at OU1 during major precipitation 

events as overland flow or flow within the small drainages as described in Section 3.7. Surface 

water is also present outside of OU1 boundaries in the SID and Woman Creek. Therefore, the 

transport mechanisms associated with surface water are described below. 

a 

Transportation of contaminants by surface water may occur with the contaminant in the aqueous 

dissolved phase or in the solid phase adsorbed to suspended material or bed load sediments. 

Contaminants may be released into the surface water medium by leaching from surface soils or 

by suspension of soil particles in flowing surface water. At OU1, the most readily identifiable 

means for surface water to become contaminated is from episodic erosion of surface soils by 

overland flow caused by precipitation events and snowmelt. Channelized flow is confiied to 

intermittent, ephemeral flow in the SID, which is designed to capture and divert any overland 

flow on 881 Hillside area prior to reaching Woman Creek. At OU1, surface water containing 

dissolved or suspended contaminants is likely either to infiltrate vadose zone soils or flow into 

the SID downgradient from OU1. Quantifying the relative proportions of infiltration versus 

runoff is beyond the scope of the RFI/RI. a 
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5.1.1.4 Air Processes 

Contaminants may enter the atmosphere at OU1 either through direct volatilization from surface 

water or groundwater seeps by atmospheric exchange with soil gas or by eolian resuspension of 

contaminants adsorbed to particulates. 

Suficial soil data compiled from various investigations at OU2 pursuant to the OU2 RFI/RI 

Work Plan (DOE, 1991a) show eolian transport of particulates to be an important migration 

pathway for RADs and possibly for other contaminants (EG&G, 1991b) at OU2. Eolian 

transport of RADS is also an important contaminant migration mechanism at OU1. Suficial soil 

data from samples collected in OU1 and OU2 and data from air monitoring programs at RFP 

and OU1 show elevated plutonium concentrations downwind of OU2 and at the site-specific air 

samplers at OU1. The occurrence of plutonium is likely to have resulted from localized 

resuspension of surface soil by wind and localized resuspension from vehicular traffic, 

sugg -ting that eolian transport is in active process at OU1, at least with respect to RADs. 

By definition, VOCs volatilize easily, and as confiied by previous sampling, do not occur in 

significant quantities in OU1 surface soils. Therefore, VOC atmospheric transport is not 

considered a significant migration pathway as VOCs can enter the atmosphere only by diffusing 

through the soil profile from areas of relatively high subsurface contamination. The low VOC 

flux (as demonstrated by the modeling results presented in Section 5.3.2.1) would rapidly 

disperse and photodegrade once released to the atmosphere. However, these contaminants could 

migrate into a confiied space, such as a hypothetical structure built in the future on 881 Hillside 

area, where volatile compounds would not disperse as readily i s  in the open atmosphere. This 

scenario is addressed specifically in Section 5.3 of this report and in Section F6.1 of the PHE, 

Appendix F. 

5.1.1.5 Anthropogenic Processes 

Human activities resulting in contaminant transport that would not otherwise occur are referred 

to as anthropogenic processes. Examples of anthropogenic transport of contaminants include the 

adherence of contaminated soil particles to vehicles or equipment, or when the ground surface 
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is modified by excavations, grading, or construction activities. Widespread occurrences of 

plutoniumhnericium and PAHs in OU1 surface soils are partly attributable to this process as 

discussed in Sections 4.3 and 5.3 of this report. 

0 

The future contribution to contaminant transport by anthropogenic processes is less likely to 

occur because of mitigative measures implemented to minimize human influence and the 

existence of nearly 100 % vegetation cover at OU1. At OU1, access to and egress from MSSs 

are restricted and controlled by fences, signs, and security procedures, decreasing the probability 

of incidental transport. If access is needed for sampling or monitoring, individuals adhere to 

strict personal and equipment decontamination procedures as well as health and safety protocols 

specifically designed to prevent the spread of contamination. In addition, dust suppression 

procedures (using water) are implemented whenever intrusive activities are conducted. 

Aside from drilling and sampling activities associated with the RFI/RI, the installation of the 

French Drain had the potential for the most significant anthropogenic impact to 881 Hillside. 

The installation of the French Drain involved excavation and displacement of a substantial 

volume of material at OU1. However, the placement of the French Drain at OU1 took into 

consideration the suspected location of contaminated soils by avoiding IHSS s wherever possible 

along its alignment. Also, the French Drain geotechnical investigation characterized soils by 

analyzing for contaminants in exploratory boreholes along the proposed alignment prior to 

commencing construction in order to avoid disturbing contaminated soils or to accommodate the 

proper handling of contaminated soil that would unavoidably be encountered. All these 

precautions collectively reduced the viability of contaminant transport by human activities at 

ou1. 

0 

5J.1.6 Biota Processes 

Secondary release due to biological transport can occur when contaminants are taken up by 

vegetation or animals and made available for transport away from the source area. Biological 

transport is most important for chemicals that tend to bioaccumulate. Bioaccumulation results 

from ingestion of contaminants in food or absorption from abiotic media and can result in 

toxicity even when concentrations in abiotic media are relatively nontoxic. Biomagnification is 
0 
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characterized by an increase in contaminant concentrations in biological tissues in successive 

members of a food chain and can result in maximum exposures to the top consumers in local 

food webs. Biomagnification is generally limited to hydrophobic organic compounds, such as 

some pesticides and PCBs, that are resistant to physical degradation and metabolism. However, 

some organo-metals such as methylmercury are also known to biomagnify. 

The VOC contaminants at OU1 are metabolized relatively rapidly and do not tend to biomagnify. 

The metal contaminants also do not tend to bioaccumulate, especially in terrestrial systems. 

However, selenium is known to accumulate in some plant species, especially in semiarid areas 

of the western United States and could be accumulated from groundwater by some plant species 

at OU1. Transuranic RADs bind tightly to soil particles and are, for the most part, not 

bioavailable and not subject to biomagnifkation. Some PAHs and PCBs are resistant to 

metabolism by vertebrate species and can biomagnify in terrestrial and aquatic systems. Thus, 

the most important biological transport mechanism at OU1 appears to be due to potential 

accumulation of PCBs in site receptors. The potential for bioaccumulation and its impact on 

biota at OU1 are detailed in the EE, Appendix E. 

5.1.2 Migration Routes from OU1 MSSs 

Contamination at OU1, as presented in Section 4, consists of the widespread occurrence of 

PAHs, plutonium, and americium across OU1, largely in near surface soils; localized PCB 

contamination of surface soils in the vicinity of IHSSs 119.1 and 119.2; significantly elevated 

RAD contamination in localized "hot spots" at IHSS 119.1; VOC and metal-contaminated 

groundwater in the vicinity of Building 881 and IHSS 119.1; and VOC-contaminated 

groundwater at IHSS 119.2. 

For the surface and near surface PAH, PCB, and RAD soil contamination, the most important 

contaminant migration pathways are likely to be eolian resuspension of fine particulates and dust 

and/or surface water erosion by channelized runoff and overland flow, remobilization of 

contaminated soil particulates and dust is potentially the greatest pathway for on-site and off-site 

redistribution of contaminants in surface soils. In addition to Phase III RFI/RI data, other data 

describing the distribution of RADs in surface soils at OU2 and in areas east of RFP (Litaor, 
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1992) appear to confm eolian transport as an important contaminant pathway that has dispersed 

contaminants. Remobilization by surface water will result in short-travel distances due to the 

presence of the SID. The SID is located south of the French Drain, appears to effectively 

intercept all surface runoff from OU1. Leaching and dissolution of this material by infiltrating 

surface runoff or meteoric recharge is also a potential migration pathway; however, due to the 

extremely low solubility (Table 5-1) of the compounds, this pathway is likely to be minimal. 

Volatilization of SVOC materials exposed at the surface is also possible, but only in minuscule 

amounts. This conclusion is based on the low vapor pressure of these compounds as shown on 

Table 5-1. 

Potential pathways for contaminants in the vicinity of Building 881 and MSS 119.1 are linked 

to the occurrence of chlorinated solvents and RADS in subsurface (vadose zone) soils. 

For residual chlorinated solvents in vadose zone soils at OU1 (Building 881 vicinity and IHSS 

119.1), volatilization to soil gas and desorption and dissolution to infiitrating water are the 

probable major pathways. Volatilization to soil gas can result in migration to the atmosphere 

where dispersion, photolysis, and dilution mechanisms will substantially reduce the 

concentrations of these compounds. This effect is quantified using the Johnson & Ettinger 

Model (1991) and discussed further in Section 5.3.2.1. Solvents in soil gas can also remain 

trapped in the vadose zone and become sorbed to the solid matrix or become dissolved in 

infiitrating water. Residual solvents dissolved in infiitrating vadose zone water will eventually 

reach the UHSU groundwater. The amount of residual solvent mobilized to the water in this 

way is uncertain. 

0 

As discussed in Sections 4.4 and 4.9, there are isolated locations at IHSS 119.1 where surface 

and subsurface soil contain plutonium/americium or uranium contamination. The RAD activities 

at these locations are several orders of magnitude higher than activities observed in soils 

elsewhere at OU1. As mentioned for contaminated soils, eolian resuspension of fine particulates 

and surface water erosion are important contaminant migration pathways for the near surface 

contamination. Desorption and dissolution in infiitrating water is a pathway for vertical 

migration of deeper contamination; however, this is not expected to be significant based on the 

RAD chemical properties (refer to Section 5.2.2.3) and observations of the vertical distribution 

a 
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of the RAD contamination (refer to Section 4.9). Uranium, albeit more soluble and mobile in 

soils than plutonium/americium, was not observed to have penetrated the subsurface soils to a 

significant extent ( < 4-fOOt depth). This is surmised to be due to the uranium existing in a 

particulate form (lathe turnings) combined with slow dissolution rates. The plutonium/americium 

is expected to also exist as a fine particulate or in a dispersed state, the latter absorbed or 

coprecipated on mineral surfaces (refer to Section 4.9). 

Groundwater transport is a significant migration pathway for chlorinated solvents and metal 

contaminants present in groundwater. As was discussed in Sections 3.7 and 4.7, UHSU 

groundwater is largely restricted to paleochannels incised into the bedrock surface. The location 

of these channels is illustrated on an aerial photograph, and a map illustrating the extent of 

contamination is presented as Figures 3-26 and 4-24. Contaminated UHSU groundwater 

originating near suspected VOC/metal release areas (refer to Section 4.9) migrates along the 

hydraulic gradient within these corridors. Therefore, these channels as identifed on photographs 

and maps represent the contaminant migration pathways for UHSU groundwater. 

In the western portion of OU1, these channels are interrupted by the French Drain which, based 

on the available groundwater elevation data, appears to be acting as an hydraulic b d e r .  Based 

on historical groundwater chemical data, the maximum extent of the groundwater contaminant 

plumes in the Building 881 area did not reach the location of the French Drain (Figure 4-24). 

In the MSS 119.1 area, the maximum extent of groundwater contamination, based on historical 

groundwater chemical data, apparently did not extend to the Valley Fill Alluvium or Woman 

Creek. Currently, any additional downgradient migration of contaminants would be interrupted 

by the French Drain. 

In the eastern portion of OU1, contaminated UHSU groundwater originating in the IHSS 119.2 

and 903 Pad area also follows palmchannels as depicted on Figure 3-26. However, the eastern 

portion of the site is not influenced by the French Drain, permitting UHSU groundwater to 

migrate to Woman Creek. It is unclear whether contaminated groundwater has migrated along 

the full length of the paleochannels. Sporadic, low-level detections of VOCs in eastern Valley 

Fill alluvial groundwater (wells 6486 and 30991) may represent the distal margin of a plume 

originating at IHSS 119.2 and/or the 903 Pad. However, the low frequency of occurrence and 
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low concentrations may represent general diffuse contamination within the Valley Fill Alluvium. 

VOC concentrations in Valley Fill alluvial groundwater range to a maximum of 85 pg/l of 

tetrachloroethene at well 6486. However, detections in samples from this well typically are 

reported at part per trillion levels. In addition, other Valley Fill alluvial wells, including well 

6886 located at the western OU1 boundary along Woman Creek (upgradient of OU1) contained 

part per trillion levels of VOCs suggesting an off-site source for some of the VOCs detected in 

the Valley Fill Alluvium. 

Another migration pathway for UHSU groundwater is vertical seepage to the LHSU. Although 

vastly different potentiometric heads in the two units suggest poor communication, the 

occurrence of VOCs and metal contaminants in the LHSU requires consideration of this 

pathway. Calculations of vertical migration rates between the UHSU and LHSU are provided 

and discussed in Section 5.3.2.2 and Appendix B6. 

Migration pathways within the LHSU are not as well defined as the UHSU. Because LHSU 

wells typically are screened in discrete relatively coarse-grained materials (silty sand versus 

claystone), it is possible that each well is measuring contamination in a relatively isolated zone. 

The groundwater flow direction in LHSU generally is to the south-southwest. Contaminated 

groundwater would be expected to migrate in that direction. 

0 

Migration of contaminated soil gas is also an active process at OU1. VOC partitioning from 

groundwater into soil gas overlying dissolved VOC groundwater plumes migrates horizontally 

and vertically in response to concentration gradients and changing atmospheric pressure. Soil 

gas survey results (Rockwell, 1987a) which indicate widespread low-level detections of various 

chlorinated solvents (Figures 4-35 and 4-36), provide some evidence that this is an active process 

at OU1, particularly in the MSS 119.1 area. Once the soil gas reaches the land surface, it will 

disperse quickly in the atmosphere. However, contaminated soil gas may accumulate to 

significant levels within structures sited near areas of high soil or groundwater contamination. 

Volatilization of potential free-phase hydrocarbon is also a potential mechanism for the formation 

and subsequent migration of contaminated soil gas. Localized, high levels of VOCs in soil gas 0 
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may be indicative that direct volatilization of free-phase hydrocarbons is occurring. High levels 

of VOCs in soil gas were detected near Building 881 and IHSS 119.1 (Section 4.9). 

5.2 CONTAMINANT MOBILITY PERSISTENCE AND BEHAVIOR 

Observed contaminant distributions at OU1 are the result of chemical and physical interactions 

between contaminants and the environmental media in which the contaminant resides. These 

interactions involve processes that determine the transport and fate of contaminants in site soils, 

sediments, surface waters, and groundwater. These processes include, but are not limited to, 

adsorptioddesorption reactions (including ion exchange), oxidatiodreduction, complexation, 

precipitation/dissolution, volatilization, hydrolysis, dehalogenation, radioactive and chemical 

decay, and biodegradation. The physical properties of OU1 SVOCs and VOCs contaminants that 

affect contaminant mobility are summarized on Tables 5-1 and 5-2. 

Contaminant behaviors and mobilities, outlined in the following sections, are derived from the 

physical and chemical properties of individual contaminants in the context of the physical and 

chemical properties of the site, as determined from field and laboratory data collected for the 

specific media at OU1. These data are subsequently used to derive quantitative distribution 

coefficients (Kd) and retardation values (RJ, where applicable, and qualitative assessments of 

behavior and migration where quantitative analyses are not appropriate. These are discussed in 

Section 5.3. 

5.2.1 Phvsical and Chemical ProDerties that Influence Mobilitv 

All contaminants have unique physical and chemical properties. These properties cause the 

contaminant to respond in predictable ways under a given set of environmental conditions. 

When chemicals are released to environmental media, the behavior of the chemical in that media 

(reactivity, mobility, persistence) is controlled by the physical and chemical properties of the 

media. It is necessary to characterize the media properties that most strongly influence the 

behavior of the contaminant. At OU1, the occurrence of contaminants in surface and subsurface 

soils and alluvial and bedrock groundwater requires that these media be characterized before 

transport and fate processes can be effectively described and remedial action implemented. 
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5.2.1.1 OU1 Media Physical and Chemical Properties 

The physical characteristics of OU1 media are described in Section 3. Surface soils are 

discussed in Section 3.5; site geology in Section 3.6; and site hydrogeology in Section 3.7. The 

discussion in this section focuses on the physical and chemical properties of surface soils, 

subsurface soils, bedrock, and groundwater that most influence the reactivity, mobility, and 

persistence of contaminants at OU1. These properties include, but are not limited to, organic 

carbon content, clay content and mineralogy, presence of sesquioxides, oxidation potential (Eh), 

pH, and chemical composition of groundwater in contact with the soils. The sections below 

discuss the importance of these properties in relation to the fate and transport of contaminants 

at OU1. 

The partitioning of contaminants from the liquid or dissolved phase to the solid phase is 

proportional to the organic carbon content of the media. When organic carbon content is high, 

contaminant partitioning to the solid phase is proportionally high. When organic carbon content 

is low, contaminant partitioning becomes increasingly dominated by inorganic solids with high 

surface areas, such as clays. Tables 5-3, 5-4, and 5-5 list the organic carbon content and grain 

size distribution for geologic material at OU1. It is apparent that the majority of geologic 

materials investigated at OU1 are high in clay (or claystone for bedrock materials) and low in 

organic carbon. The implication for OU1 contaminants, both organic and inorganic, is that 

contaminant migration via groundwater will be retarded more by adsorption to clay mineral 

surfaces and by ion exchange rather than by adsorption to the organic fraction. 

0 

The fraction of clay minerals and clay-size particles present in geologic media is significant due 

to the adsorption and ion-exchange capacities of these materials (Birkeland, 1984; Dragun, 

1988). The presence of clays in a soil or aquifer also tends to lower the effective permeability 

of the media thereby reducing groundwater flow velocities and increasing residence times. 

Increased residence times increase the probability that geochemical processes such as adsorption 

and ion exchange will approach equilibrium. 
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Organic Carbon Content 

Organic carbon content ranges from 2.3 % in the upper 3 feet of surfkial 

values (<0.05%) for most deeper geologic materials. Organic carbon in 

soils to nondetect 

surface and near- 

surface soils (0 to 6 feet) range from 0.1 % to 2.3 %, with a sitewide average of 0.64 %. Organic 

carbon values in alluvium/colluvium materials (> 6 feet deep) range from 0.01 % to 1.8 %, with 

an average value of 0.22 % . However, this average value is probably not representative of most 

alluviumkolluvium samples due to the occurrence of isolated pockets of organic carbon 

identified in lithologic logs that may skew the mean toward a higher value (e.g., see logs for 

boreholes 37291 or 37991). The majority of values for alluvium/colluvium are below detection 

limit ( < 0.05 %). Seven of 1 1 alluvium/colluvium samples had nondetectable organic carbon. 

Two of the four samples that contained detectable organic carbon had levels of 0.1 % or less. 

Bedrock values range from 0.01 % to 1.1 %, with a sitewide mean of 0.29 %. Again, most 

bedrock samples are much lower than 0.29%, averaging closer to 0.03%. Of four bedrock 

samples, two were nondetect and one was below 0.06% organic carbon. 

A conservative value of 0.025 % was used in place of nondetect values ( < 0.05 % ) in calculations 

that required a value for percent organic carbon. This equates to an f, of 0.00025 (f, represents 

the fraction of organic carbon, or percentage divided by 100). If organic carbon values are 

lower than 0.01 %, then partitioning to organic carbon in soils at OU1 is not likely to have any 

significant effect upon contaminant fate or transport (McCarty et al., 1981; Karkkhoff, 1984). 

Calculations evaluating the importance of organic carbon in OU1 subsurface soils are performed 

in Section 5.2.2.1. The calculations reveal that at OU1, ion exchange and adsorption to clay 

mineral surfaces are the dominant retardation mechanisms for contaminants in groundwater. 

However, when calculating retardation factors in Section 5.2.2.1, partitioning to organic carbon, 

ion exchange, and adsorption to clay minerals were all  considered. These retardation factors 

are used to estimate organic contaminant transport rates in groundwater. These calculations and 

results are presented in Section 5.3.2.2. 

Karickhoff (1984) identified threshold values at which adsorption to inorganic surfaces becomes 

significant relative to organic carbon. The threshold values are based on the ratio of the percent 

of clay in the sample to the percentage of organic carbon. For the nonpolar chlorinated solvents 
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detected at OU1, the threshold ratio is > 60. Using the average clay value of 38 % for OU1 

surficial materials (colluvium/alluvium) from Table 5-4 and the average organic carbon content 

of 0.22 % from Table 5-3, the sitewide average ratio at OU1 is 181, or three times greater than 

the minimum threshold value for inorganic surfaces adsorption. For bedrock at OU1, the 

threshold ratio is 186, again greater than the minimum threshold value by a factor of three. This 

indicates that adsorption processes at OU1 are dominated by inorganic surfaces. A similar but 

more quantitative method used to assess inorganic surface partitioning at OU1 is based on 

McCarty (1981) and is presented in Section 5.2.2.1. 

Clav Content 

Clay content in OU1 geologic materials ranges from 25 % to 81 % , with a sitewide mean of 46 

percent for surl-icial soils and alluviaVcolluvial materials (Table 5-4) and 54% in bedrock 

materials (Table 5-5). Alluvium, colluvium, and artificial fill at OU1 have been characterized 

as being generally clay-rich. Borehole logs from OU1 (Appendix A) describe these materials 

as ranging from relatively "pure" clays to gravelly sandy silt-clay mixtures, including sandy 

clays, gravelly clays, and sandy clayey silts. Grain-size distribution plots for OU1 samples 

(Appendix A2) submitted for geotechnical analysis c o n f i i  field observations regarding particle- 

size distribution. Clay content in alluviaUcolluvial materials ranged from 25 % (borehole 37591) 

to 52% (borehole 38991), with a sitewide average of 38 % (Table 5-4). Clay (claystone) content 

in bedrock materials ranges from 28% (borehole 37891) to 82% (borehole 37891), with an 

average value of 54 % (Table 5-5). 

0 

Clay mineralogy at OU1 was not determined but probably consists of a variety of clay types, 

each exhibiting a range of chemical and physical properties. However, in arid environments 

characterized by mollisol soils, such as OU1, smectite clays are typically common in addition 

to other typical soil-forming clays such as vermiculite, illites, and kaolinite. Smectites are 2: 1 

layer clay minerals that have very high surface areas and high cation-exchange capacities. 

Smectites include the minerals montmorillonite, beidellite, and nontronite (Birkeland, 1984). 

Smectite content at OU1 may range from 20% to 80% of clay content, depending on the type 

of geologic media. Calculation of retardation factors presented in Section 5.2.1.1 requires 0 
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estimates of smectite content of geologic material. This wide range (20 to 80%) is presented 

as conservative endpoints. 

Surface area values (Table 5-6) are used to calculate the surface-specific distribution coefficient, 

K,, which is used to predict the partitioning of an organic compound between the solid 

(adsorbed) phase and the dissolved phase for inorganic surfaces. The K, can then be used to 

calculate a retardation factor, €+, for organic contaminants at the site (McCarty et al., 1981). 

In addition to surface adsorption, all clay minerals exhibit some degree of ion exchange (Drever, 

1988). For inorganic species, especially cations, the partitioning between the aqueous phase and 

the solid phase in clay-rich sediments may be dominated by ion-exchange reactions. The ion- 

exchange capacities of geologic materials are difficult to quantify without actual laboratory 

measurements due to the number of variables that affect the process (Le., pH solution, 

chemistry, nature of the exchanging solid, type and quantity of ions occupying exchange sites). 

However, the cation-exchange capacity of natural materials can be estimated from literature 

values. Table 5-6 is a compilation of literature-derived CEC values for a range of natural 

geologic materials, many of which occur at OU1 based on geotechnical analytical results and soil 

descriptions reported on boring logs. High cation-exchange values are associated with 

montmorillonites, vermiculites, and other clays. The CEC values are relevant to the discussion 

on contaminant transport rates and are incorporated into calculations of migration rates presented 

and discussed in Section 5.3.2.2. 

Sesauioxides 

Sesquioxides are a loosely defined group of crystalline and amorphous iron-, manganese-, and 

aluminum-oxyhydroxides that are generally stable under oxidizing conditions. These solids have 

proved to be excellent scavengers of trace metals and RADS and exert substantial influence on 

adsorption and coprecipitation processes. Table 5-6 lists some of the physical and chemical 

properties of sesquioxides. Sesquioxides are typically associated with clay minerals and, 

although not directly measured at OU1, would be expected to be present in the clay-rich geologic 

materials. 
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In general, oxyhydroxides of iron have the highest potential for removing metal cations and 

RADS (plutonium and americium) from aqueous solution, thereby reducing the concentration and 

mobility of those species (Stumm and Morgan, 1981; McKinley and Jenne, 1992). Borehole 

logs from OU1 document the presence of abundant oxidized iron in the form of secondary 

coatings, fracture fill material, iron enriched zones, and pigmentation agents imparting typically 

yellow or reddish-brown colors to OU1 subsurface sediments. Manganese solids, which 

typically are black in color, have also been observed at OU1, exhibit adsorption behavior similar 

to iron solids, and occur in similar form (LeGendre and Runnells, 1975). Based on soil 

description noted in boring logs, manganese solids are less abundant than iron at OU1. 

@ 

Table 5-6 also lists isoelectric point values for natural materials, many of which exist in soils 

at OU1. The isoelectric point is the pH at which the net charge on the material surface is zero. 

For pH values less than the isoelectric point, the surface charge will be positive; pH values 

greater than the isoelectric point result in negative surface charges. From Table 5-6 it is 

apparent that at aqueous pH values typically encountered in OU1 groundwater (range 6.95 to 

8.38), the majority of iron and manganese oxyhydroxide solids should have negative surface 

charges. Negative surface charges will favor the adsorption of metal and RAD cations at OU1. 

For those solids with isoelectric points greater than pH 7.5, such as some aluminum 

oxyhydroxides, the net positive charge on these solids favors anion adsorption processes. 

(I) 

Computer modeling of major cations and anions in groundwater using the geochemical code 

WATEQ (Truesdell and Jones, 1974), and using data from alluvial monitoring wells at OU1, 

indicate that groundwater is supersaturated with respect to various iron, manganese, and 

aluminum solid phases as well as calcium solid phases. Aqueous solutions that are 

supersaturated with respect to one or more of these phases have increased capacities to remove 

other dissolved elements, especially trace metal cations, through the process of coprecipitation 

(Runnells, 1976; Sposito, 1989). Table 5-7 lists trace elements that are susceptible to 

coprecipitation by various solid phases, many of which exist at OU1. 
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Oxidation Potential 

The oxidation potential of the subsurface environment is important in determining whether a 

chemical species is susceptible to oxidation or reduction processes (hereafter referred to as 

"redox" processes). The oxidation potential of the subsurface environment at OU1 can be 

characterized from lithologic descriptions of soils (from geologic borehole logs at the site) and 

extrapolated from field parameter dissolved oxygen values taken during the sampling of 

monitoring wells. 

The color of a rock or soil is strongly dependent upon the oxidation potential of the 

environment. Redox-sensitive elements such as iron are typically abundant in clay-rich 

sediments and exhibit colors such as red, yellow, and reddish brown when in the oxidized state 

(Birkeland, 1984; Dragun, 1988). Lithologic descriptions consistently report sediment colors 

ranging from light yellowish brown (2.5Y 6/3), to reddish brown (5YR 4/4), to reddish yellow 

(7.5YR 6/6), to light brownish gray (2.5Y 6/2). In addition, the presence of iron oxides were 

noted as frequently occurring both mixed in with clay and as coatings in fractures. These colors 

imply relatively oxidizing conditions in OU1 soils. 

The visual characterization of OU1 soils as oxidized is further supported by water quality 

measurements of dissolved species in groundwater. Water quality data indicate the presence of 

oxidized forms of sulfur (sulfate), nitrogen (nitrate/nitrite), phosphorus (orthophosphate), and 

measurable dissolved oxygen in OU1 groundwater. 

Dissolved oxygen values from monitoring wells sampled during fourth quarter 1991 range from 

0.0 pg/Z for monitoring well 37791 to 5.9 pg/Z for monitoring wells 35691 and 36191, with an 

average value of 4.8 pg/P for seven wells. Eh values calculated from the average dissolved 

oxygen value using the computer program WATEQ (Truesdell and Jones, 1974) averaged 

0.8 volt (corresponding to 4.8 pg/Z dissolved oxygen). At an average pH of 7.59 (Table 5-8) 

and an average Eh of 0.8 volt, groundwater conditions at OU1 are considered very oxidizing. 

While these dissolved oxygen values probably represent high-end values for groundwater based 

on the high calculated Eh values, they are useful for predicting a range of potential Eh values 
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in groundwater at the site. Figure 5-2 is an Eh-pH diagram showing the approximate range of 

groundwater values for OU1 wells in relation to the distribution of Eh and pH regions 

considered oxidizing, transitional, and reducing for natural environments. 

The oxidation potential of a system is important in assessing contaminant fate and transport and 

in applying remedial technologies for several reasons. First, the oxidation state of metals and 

RADS that have multiple oxidation states in large part determines the mobility of the metal and 

in some cases the toxicity. For example, the solubility and mobility of ferrous iron, Fe+2(aq), the 

reduced form of iron, is orders of magnitude greater than that of ferric iron, Fe+3(aq), the 

oxidized form of iron under most environmental conditions. Similarly, trivalent plutonium 

(Pu+~,,,) is soluble and mobile relative to Pu(IV), which forms the highly insoluble oxide, 

PuO,,,. In contrast to iron and plutonium, the oxidized form of chromium, hexavalent 
chromium (Cr+6(a,), is highly soluble and mobile as the anion CrOi22gq), in comparison to the 

reduced chromium species, CP3(,@, which forms the relatively insoluble compound, Cr(OH)30. 

Other transition metals and RADS, such as uranium and americium, exhibit similar behavior. 

Second, the type of microbial communities present in the subsurface will depend upon the 

oxidation state of the environment. Heterotrophic bacteria can only degrade compounds residing 

on primary or secondary substrates in the presence of an electron acceptor. The electron 

acceptor will be oxygen in an aerobic (oxidizing) environment or sulfate, nitrate, or carbon 

dioxide in an anaerobic (reducing) setting (Suflita, 1989). Environments with measurable 

dissolved oxygen such as OU1 will likely support aerobic bacteria over anaerobic forms. This 

is significant for OU1 because chlorinated solvents, such as those detected at IHSS 119.1, will 

biodegrade faster in an anaerobic environment than in an aerobic environment. Biodegradation 

rate constants are therefore expected to be very low for chlorinated solvents under the oxidizing 

conditions at OU1. However, abiotic dehydrohalogenation may account for degradation of 

polychlorinated compounds in OU1 groundwater (EPRI, 1984). 

Soil and Groundwater RH 

0 Table 5-8 lists surface soil pH values. The OUl/OU2 surface soil trenching program included 

the soil pH measurements for three trenches located within OU1 (DOE, 1991a). Soil pH was 
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recorded for various depth intervals from surface to 120-cm depth. Values ranged from pH 6.4 

to 8.2, with a mean of 7.4, indicating that slightly alkaline conditions exist in OU1 surface soils. 

One-hundred twenty-four (124) subsurface soil samples from OU1 were analyzed for soil pH. 

Values ranged from a minimum of 7.05 to a maximum of 8.60, with a sitewide mean value of 

7.80. These results indicate that subsurface soils at OU1 are alkaline as well. 

Alkalinity of soils depends on the strength of the base that is formed in the soil solution. For 

the calcium carbonate rich soils at OU1, the formation of Ca(OH),,, in solution likely results 

in pH values approaching 8 and in some cases 8.60. High sodium values in groundwater suggest 

that the occurrence of the complex NaHCO,,, in soils may also regulate pH values. 

The significance of alkaline soil pH values at OU1 is twofold. First, the buffering capacity of 

calcium carbonate-rich soils at OU1 acts to neutralize organic acids that are produced in the 

A-horizon of site surface soils. Neutralization of acids keeps the pH from fluctuating and 

reduces the potential for mobilizing metals and especially RADs (e.g., plutonium) that are 

present in surface soils. Second, alkaline pH values act to precipitate metals or RADs that have 

been introduced to surface or subsurface soil. At pH values greater than 5 or 6, most inorganic 

cations will precipitate as hydroxides or carbonates, thereby reducing their mobility and ability 

to migrate to groundwater. In addition, the precipitation of metal hydroxides, such as ferric iron 

hydroxide, will reduce the concentration of other metals by the process of coprecipitation. 

The pH of water in contact with the geologic media will affect the transport of contaminants by 

influencing the magnitude and type of surface charge on clays and other media solids. For 

smectites, the surface charge is relatively independent of pH because the surface charge is due 

to cation substitutions in the silicate framework. However, for other clay minerals, silica, and 

metal oxides, the surface charge is dependent upon pH. Values of pH obtained during fourth 

quarter 1991 sampling of groundwater from wells at OU1 range from 7.17 to 8.18, and average 

7.59. 

At acidic pH values the matrix surfaces will be positively charged due to the adsorption of 

hydrogen ion, H', and cation exchange and cation adsorption will be low. Similarly, alkaline 
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pH values result in negatively charged surfaces and relatively high cation exchange capacity and 

cation adsorption values (Drever, 1988). * 
The parameter that determines the surface charge of a substance is the isoelectric point or the 

pH at which the surface charge is zero. Table 5-6 also lists some of the isoelectric points for 

various naturally occurring substances. It is apparent from this table that at the pH values 

observed at OU1, many of the materials will have negative surface charges. As a result, cation 

exchange and cation adsorption will dominate over anion exchange. 

Inorpanic Groundwater and Surface Water Chemistrv 

The inorganic chemistry of surface and groundwaters at OU1 were characterized using the 

computer program HC-GRAM (Version 2.22). This program was used to create Stiff and Piper 

(trilinear) diagrams to graphically characterize the major cation and anion chemistry of selected 

surface water and groundwater at OU1. Chemical input to HC-GRAM consisted of dissolved 

concentrations of major cations (calcium, magnesium, sodium, potassium, and iron) and major 

anions (bicarbonate, sulfate, chloride, and carbonate) for each water analysis. Output on Stiff 

diagrams were in chemical units of milliequivalents per liter. Output on trilinear diagrams were 

in terms of percent of total milliequivalents per liter. 

0 

Figures 5-3 and 5-4 depict Stiff diagrams for groundwater in the UHSU and LHSU, 

respectively. The width of a Stiff diagram is a function of the total dissolved solids and is 

typically an indication of residence time in the aquifer with increasing total dissolved solids 

directly proportional to increased residence time. Wells with narrow Stiff patterns (low total 

dissolved solids) are likely receiving recharge from near-surface sources. Wells with wide Stiff 

patterns are likely intercepting water that has been in contact with the aquifer long enough to 

dissolve a significant amount of solutes. However, some deep bedrock wells (0387 and 4587) 

exhibit Stiff patterns similar to shallow wells (low total dissolved solids); conversely, some 

shallow alluvial wells (6986 and 31791) have wide Stiff patterns indicative of long residence 

times. This may suggest some hydraulic communication between the UHSU and LHSU at these 

locations; however, alternatively, it may simply reflect the variability of the solubilities and 

dissolution rates of the minerals in both alluvium and bedrock material. 
a 
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Surface water from the SID and Woman Creek were used to characterize surface water 

chemistry at OU1. Samples from the SID were taken from surface water stations SW031, 

SW035, SW036, SW038, SW044, SW066, SW067, SW068, SW069, and SW070. Woman 

Creek stations included SW029, SW032, SW033, SW034, and SW039. Surface waters from 

the SID and Woman Creek are characterized by calcium-bicarbonate water and low total 

dissolved solids. Total dissolved solids range from 140 to 590 pgll in SID water, and from 100 

to 427 pg/l in Woman Creek. Chloride is the secondary anion in both SID and Woman Creek 

waters. Concentrations of magnesium and sodium/potassium are typically similar at all stations. 

Ion concentrations in surface waters are typically less than 5 milliequivalents per liter, producing 

a relatively narrow Stiff pattern indicative of low total dissolved solids. The close grouping of 

the six surface water analysis on the trilinear diagram (Figure 5-5) illustrates the similarity of 

the major ion chemistry of Woman Creek and water from the SID. Cation abundances are 

almost identical whereas anion concentrations show some differences. The trilinear diagram 

shows the effects of the mixing of upstream Woman Creek water (point e) and water from the 

small tributary (point f) to produce water of intermediate composition represented by point d. 

Attempts to identify sitewide trends in the water chemistry data were unsuccessful as anion 

concentrations varied widely from well to well, and showed little correlation to depth of well 

or flowpath. However, trends and chemical signatures were established for some localized 

areas. Groundwater in wells screened close to the surface or in wells that are in hydrologic 

connection with surface waters often exhibit chemical characteristics that are similar to surface 

waters, but with higher amounts of total dissolved solids. 

Trilinear diagrams for UHSU and LHSU groundwater are shown in Figures 5-6 and 5-7, 

respectively. Groundwater at OU1 ranges from calcium bicarbonate water in alluvial wells 

screened close to the surface to calcium sulfate, sodium bicarbonate, and sodium sulfate water 

in deep bedrock wells. One well, 34791, an alluvial well located in IHSS 119.2, has calcium 

chloride water. This well is screened at a depth of 6.0 to 8.0 feet below ground surface. The 

proximity of this well to the site decontamination pad suggests that chloride from the pad is 

influencing the anion chemistry. Other wells that have high chloride also exhibit high sulfate, 

suggesting an extended residence time wherein sulfate and chloride have an opportunity to build 

up over time. 
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The distinction between alluvial wells and bedrock wells based on major cation and anion 

chemistry is often unclear. This suggests that mixing between alluvial water and bedrock water 

may occur in some places. In addition, changes in the geologic and mineralogic composition 

of subsurface materials, such as the existence of caliche zones along slump block planes (source 

of calcium carbonate), the occurrence of abundant clay (sites of cation exchange), or the 

differential weathering of primary and secondary solids in the geologic matrix likely influences 

the chemistry of OU1 groundwater. 

Geochemical ModelinP of OU1 Groundwater 

Equilibrium modeling using the geochemical code WATEQ was used in order to understand the 

processes controlling the geochemistry of groundwater at OU1. Water chemistry data from two 

monitoring wells, 35691 and 31891, were examined because these wells lie along the flow path 

of groundwater in the western part of OU1. Modeling was performed using dissolved (filtered) 

analyte results from the wells to determine the degree of saturation of the analytes relative to 

their respective solid phases. This process enables the model to determine potential solubility 

controls on dissolved species at each well, in addition to establishing possible solubility controls 

on trace metals and RADs. While the modeling of groundwater chemistry using WATEQ 

assumes equilibrium between the dissolved and solid species and does not account for the 

presence of "dissolved" colloidal particulates, it is very useful in establishing reasonable 

estimates of the chemical state of a system. Table 5-9 lists the chemical and physical 

characteristics of dissolved species in groundwater used as the input parameters to WATEQ. 

Table 5-10 lists the results for potential mineral phases and the calculated saturation indices as 

determined by WATEQ for each solid species for the two wells. 

0 

Although the equilibrium model results can only be considered as rough estimates of the actual 

conditions at the two wells, they do indicate the general supersaturation of the water with respect 

to calcium, iron, and manganese solid phases. Supersaturation with respect to the iron and 

manganese solid phases is especially significant because of the "scavenging" effect that 

precipitating iron and manganese solids have on the removal of trace metals (and potentially 

RADs) from solution (Runnells, 1976; Drever 1988; Sposito, 1989). 0 
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The most noticeable difference between the two wells is the magnitude of the TDS 

concentrations as groundwater moves downgradient. Decreases are noted for all dissolved 

analytes with the exception of orthophosphate, fluoride, and nitratehitrite. Other parameters 

such as pH, temperature, and oxidation potential (calculated from dissolved oxygen) remain 

relatively constant between the two wells. Decreases in TDS suggest that infiltrating meteoric 

waters may be diluting groundwater with high TDS. 

5.2.1.2 Contaminant Physical and Chemical Properties 

Important physical and chemical properties for organic contaminants at OU1 include the aqueous 

solubility, vapor pressure and Henry's law constant (Kb, octanol-water partition coefficient 

(KO,,,), organic carbon partition coefficient (Kw), potential transformation products, and the 

susceptibility of the contaminant to various forms of abiotic and biotic degradation. Chemical 

and physical properties of chlorinated organic contaminants detected at OU1 are listed in 

Table 5-9, and semivolatile compounds are listed in Table 5-10. Because RADS are inorganic 

species they are discussed separately in Section 5.2.2.3. 

Phvsical State 

The physical state of a chemical contaminant is defined as its most stable form at ambient 

temperature and pressure (ATP). At OU1, ambient conditions are defined as an average annual 

temperature of 50" F and an average atmospheric pressure of approximately 613 millimeters of 

mercury (mm Hg) (RFP is approximately 6,000 feet above mean sea level). Pure-phase VOCs 

at OU1 exist in the liquid state at ATPs. However, because of the typically high vapor 

pressures of these compounds (ranging from 17.8 to 600 mm Hg), a significant fraction of these 

compounds can also exist in the vapor phase. The majority of SVOCs detected at OU1 exist in 

the solid state under ambient conditions. Exceptions include the aroclor compounds and 

naphthalene, which are liquids at ambient conditions. 

Contaminants that exist in liquid form typically dissolve more readily in water and infiltrate 

subsurface soils and aquifers more rapidly than do those in solid form. Liquid phases with high 

vapor pressures are subject to volatilization to the gaseous phase. Gaseous-phase contaminants 
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have the potential to dissolve in water, migrate as a gas through the vadose zone soils, and 

potentially diffuse to the atmosphere. 0 
Aqueous Solubilitv 

The aqueous solubility of a compound is defined as the maximum concentration that will dissolve 

in a unit volume of water under specific conditions. Solubility limits of OU1 organic 

contaminants are presented on Tables 5-1 and 5-2. The solubility of an organic compound is 

a function of the chemical and physical properties of the compound, and has been correlated with 

organic carbon partition coefficients 63, Henry's law constants, and bioconcentration factors 

(BCFs). 

Solubility is perhaps the most important parameter used to estimate the fate and transport of a 

compound in soil-water systems. The aqueous solubility of a chemical in part determines its 

mobility in groundwater as well as its potential for biodegradation. Highly soluble chemicals 

are less likely to partition to soil or sediment (due to their low organic carbon partition 

coefficient), to volatilize from water (because of low Henry's law constants), and to 

bioconcentrate in organisms (due to low octanol-water partition coefficients), and are generally 

more likely to biodegrade. Low solubility chemicals exhibit the opposite behavior (Howard et 

al., 1991). 

0 

VaDor Pressure and Henrv's Law Constant 

The vapor pressure of a substance is the pressure at which a pure compound and its vapor are 

in equilibrium at a given temperature and pressure. The vapor pressure of a chemical 

determines its volatility and, hence, the tendency of a pure chemical to partition to the gas 

phase. The chlorinated solvents at OU1 have typically high vapor pressures and would be 

expected to readily volatilize from source materials (residual DNAPL) to the soil gas. Vapor 

pressures for these compounds range from 17.8 mm Hg for tetrachloroethane to 600 mm Hg for 

1,l-dichloroethene. SVOCs at OU1 have typically low vapor pressures and low volatilities, 

hence the designation " semivolatile" compounds. 0 
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The partitioning of a chemical dissolved in water to the gas phase is dependant upon the vapor 

pressure in addition to its aqueous solubility and its Henry’s law constant. Henry’s law constant 

(KJ is defined as the ratio of the partial pressure of a compound in air to the concentration of 

the compound in water at a given temperature under equilibrium conditions (Montgomery, 

1992). Chemicals with a Henry’s law constant on the order of lo-’ to atm-m3/mol are 

considered moderately volatile and will partition slowly from water, and those with Henry’s law 

constants on the order of to 10” atm-m3/mol are considered very volatile and partition 

rapidly from water (Howard et al., 1990). The major organic contaminants at OU1 are 

chlorinated solvents and are considered very volatile displaying Henry’s law constants of 

0.000978 to 0.034 atm-m3/mole. 

Abiotic and Biotic Demadation 

Degradation processes determine whether a chemical will persist in the environment or be 

transformed. Degradation processes involve chemical or biological mechanisms. These 

mechanisms include, but are not limited to, photolysis, hydrolysis, oxidation, reduction, 

dehalogenation, and biodegradation. Surface processes involve chemical-, biological-, or photo- 

oxidation processes occurring in aerobic settings. Photochemical processes include both direct 

photolysis and sensitized photolysis. In direct photolysis, a compound adsorbs solar radiation 

and is transformed, while in sensitized photolysis, the energy that transforms the compound is 

derived from another species in solution. Photolysis reactions may occur in either air, near- 

surface soils, or surface water. 

Subsurface processes may involve oxidation or reduction processes often involving catalysis by 

microbes. Abiotic degradation processes in the subsurface are typically limited to hydrolysis or 

dehydrohalogenation reactions, although degradation by transient radicals such as peroxy radicals 

and singlet oxygen do occur for some chemicals (Howard et al., 1990). Dehydrohalogenation 

involves halogenated compounds and consists of the removal of a halogen atom and a hydrogen 

atom to form an ethene from a saturated halogenated compound. Reaction rates are dependent 

upon the degree of halogenation. Increased halogenation increases the rate of 

dehydrohalogenation (Olsen and Davis, 1990). Dehalogenation is the replacement of a halogen, 

such as chloride, by a hydrogen atom (Figure 5-8). This process is responsible for the 
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transformation of one chlorinated ethene, such as trichloroethene, to another ethene such as 

dichloroethene (Figure 5-9). These reactions are essentially reduction reactions wherein an 

electron acceptor (chlorine) is replaced by an electron donor (hydrogen). As a result, these 

reactions are most likely to occur in anaerobic environments. 

0 

It is well established that oxidized hydrocarbons such as chlorinated hydrocarbons require 

anaerobic conditions before biodegradation is effective. Biodegradation of chlorinated 

hydrocarbons under aerobic conditions occurs very slowly if at all (Vogel et al., 1987; Howard 

et al., 1990). Biodegradation in soils and groundwater is expected to be low under the relatively 

oxidizing conditions found at OU1. Under the relatively oxidizing conditions found in the 

subsurface at OU1, only reduced hydrocarbons (e.g., naphthalene or toluene) are likely to be 

degraded and only if the compound is in the dissolved phase (Howard et al., 1990). However, 

abiotic dehydrohalogenation of documented OU1 wastes (1 , 1 , 1-trichloroethane) may account for 

some of the apparent biodegradation products. 

5.2.2 Contaminant Behavior 

Contaminant release mechanisms were discussed in Section 4.9, however, they are discussed 

again in this section with respect to how the release mechanism affects contaminant behavior. 

Contaminant mobility in the environment is further evaluated by considering the interaction 

between contaminant and media properties, and the probable fate and transport processes 

operating at the site. The relative mobility of each class of contaminants is then qualitatively 

discussed. 

For the case of VOCs, the contaminant migration velocity and predicted extent of contamination 

is estimated and compared with the observed extent of contamination at and downgradient of 

IHSS 119.1. A similar exercise is performed to estimate the vertical groundwater flow velocity 

for comparison with the maximum depth of metal contaminants above background. These 

calculations and results are presented and discussed in Section 5.3.2.2. 
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5.2.2.1 Volatile Organic Compounds 

The majority of groundwater contamination from chlorinated hydrocarbons occurs in wells 

screened in the UHSU at MSS 119.1. The origin of these compounds in groundwater and 

presumably in soils near the release points is likely leakage from drums stored on the land 

containing spent solvents, lathe coolant or a contamination of both in varying proportions. 

Based on aerial photographs (Figure 3-26) and the spacial distribution of VOCs, the drums were 

stored in the southwest comer of the MSS during the late 1960s and early 1970s. The 

contaminant release conceptual model (Figure 5-10) presents one possible scenario to account 

for the contaminant distribution observed at OU1 in general and IHSS 119.1 in particular. 

Several contaminant release and migration mechanisms are illustrated by the conceptual model. 

However, the model is not intended to imply that all the processes displayed have actually 

occurred at OU1. The contaminant release model involves a slow dripping leak from rust holes 

in drums within the storage area. Undoubtedly the releases were of varying magnitude, and 

based on the groundwater chemistry, they were also of differing composition. 

All of the chlorinated solvents detected at MSS 119.1 are heavier than water, Le., they are 

DNAPLs. When DNAPLs are released to soils, they migrate vertically through the vadose zone 

as a gravity-driven wetting front. The rate of vertical migration is partially dependent on the 

rate of the release. As this is unknown, it is difficult to speculate on the migration rate. The 

volume of free-phase solvents that is retained in vadose zone soils (immobile residual DNAPL) 

after the passage of a wetting front is dependent on the size and shape of the soil pore spaces, 

the amount of soil moisture present, and the viscosity of the free-phase solvent. Reference 

values suggest that the percentage of the total soil volume (loamy sand) occupied by 

trichloroethene after the passage of a wetting front is 8% (Cary et al., 1989). 

As is illustrated in Figure 5-10, a small release would not have sufficient mass to sustain a 

wetting front all the way to the water table. A larger release, however, may have reached the 

water table as a wetting front and advanced through the water table possibly to the bedrock 

surface. If the wetting front was not depleted before reaching the bedrock surface, it is 

conceivable that mobile DNAPL may have pooled on the bedrock and/or penetrated any 

fractures in the vicinity of the wetting front. 
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Table 5-1 1 lists groundwater concentrations of the individual chlorinated hydrocarbons detected 

in wells for four quarters of 1991 and first quarter of 1992. This table shows the groundwater 

concentrations detected at IHSS 119.1 and the percent of theoretical solubilities calculated from 

the groundwater concentrations. The percent of theoretical solubility calculation is used to 

determine if any free-phase chlorinated hydrocarbons, or DNAPLs, are present (Cherry, 1991). 

Those concentrations exceeding 1% of theoretical solubility suggest that DNAPL may be 

present. A review of Table 5-1 1 reveals that tetrachloroethene occurred at concentrations above 

1 % solubility in wells 0974 and 4387 for the period first quarter 1991 through first quarter 1992. 

Trichloroethene also occurs at concentrations above 1 % solubility in well 0974, as does l , l , l -  

trichloroethane in well 4387. The groundwater chemistry can be used to imply the presence of 

DNAPL, although it cannot be used to discriminate between immobile residual DNAPL and 

mobile DNAPL. 

@ 

Distribution Coefficients and Retardation Factors 

The soil-water partition coefficient (Kd) for the saturated zone, is defined as the ratio of the 

concentration of the chemical on the solid phase to the concentration in the aqueous phase: 
0 

S K, = - c Iln (5-1) 

where: 

S = the concentration on the solid phase in pg/kg 

C = the concentration in solution in pg/Z 

l/n = the Freundlich adsorption constant 

The units of K, are typically mZ/g or Z/kg. This relation is valid only if the partitioning of the 

chemical between solid and liquid is fast and reversible relative to the flow of groundwater 

(Freeze and Cherry, 1979; Olsen and Davis, 1990). When n=1, a plot of S versus C is linear 

and is referred to as a linear adsorption isotherm. Nonlinear partitioning behavior can be 

described by the same equation but where l/n is not equal to unity. The solid phase may be 0 
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0 inorganic, such as a clay surface, or organic, such as soil organic matter or organic carbon 

(Olsen and Davis, 1990). 

Distribution coefficients used to describe the partitioning behavior of a contaminant in the 

presence of organic carbon are dependent upon the fraction of solid organic carbon in the soil- 

water system (f,) and the organic carbon partition coefficient (K,) according to the following 

equation (Lyman et al., 1982): 

K, = f, X K, (5-2) 

K, is often calculated from a related parameter, the octanol-water partition coefficient, K,. I& 

is typically derived from K, using a regression equation prepared for related classes of 

compounds, and takes the general form: 

log K, = a log Km + b (5-3) 

where a and b are constants. Units of K, are typically given in flkg or mf/g. 

Both K, and K, are used in calculations to determine the distribution coefficients of chemicals 

in the subsurface. The K, is used to calculate K, when matrix organic carbon is the solid 

medium, and Kow is used when inorganic surfaces are the primary solid (Olsen and Davis, 1990). 

Partitioning in sediments with low organic carbon content (f, of 0.001 or less) becomes 

increasingly dominated by mineral surface interactions as the fraction of organic carbon 

decreases (Olsen and Davis, 1990). When organic carbon levels in sediments are below a 

certain level, adsorption onto inorganic surfaces will predominate (McCarty et al., 1981; 

Karickhoff, 1984). This level is termed the "critical level of organic carbon" and is designated 

as f,* (McCarty et al., 1981). In calculating distribution coefficients, it is therefore necessary 

to calculate the critical level of organic carbon for each contaminant of interest to determine 

which mechanism controls adsorption. 
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McCarty et al. (1981) have developed the following equation to determine the critical level of 

organic carbon that must be present before adsorption onto inorganic surfaces become important: 

SA f, * = 
200 (KOW)O., 

(5-4) 

where: 

SA = the surface area of the matrix solids in square meters per gram (Table 5-6) 

K, = the octanol-water partition coefficient for the chemical of interest 

Calculations of the critical level of organic carbon using the McCarty equation for chlorinated 

solvents at OU1 are presented in Table 5-12 and Appendix B6. When the organic carbon 

content is below the critical level, the inorganic partition coefficient is used, which is based on 

the surface area of the matrix solid. McCarty et al. (1981) have developed an equation to 

calculate the inorganic partition coefficient or surface specific distribution coefficient, K,: 

SA K, = - 200 @0w)O.l6 (5-5) 

Examination of this equation reveals that as the surface area increases, so does the value of K,, 

and the greater the adsorption of the chemical to the solid surface. 

If a compound is under the influence of partitioning by both organic carbon and inorganic 

surface area, the total Kd can be calculated. Total K, is the sum of the Partitioning due to each 

medium (McCarty et al., 1981; Karickoff, 1984) and is expressed as: 

K, (Total) = (f, X K,) + <fro x K,) 

where: 

fio = the fraction of inorganic material (f, + fio = 1) 

K, = the surface-specific distribution coefficient 

(5-6) 
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Table 5-13 presents distribution coefficients based on differing assumed percentages of inorganic 

surface areas. Total distribution coefficients are also calculated in this table as are retardation 

factors (see below) corresponding to each calculated total distribution coefficient. All 

calculations are presented in Appendix B6. 

Retardation factors (&) depend upon distribution coefficients to predict the velocity, or migration 

rate, of a solute relative to the rate of flow of the advecting media in which it resides. In the 

case of a contaminant in groundwater, the velocity of the solute is typically less than the velocity 

of the water due to physical and chemical interactions between the solute (liquid phase) and the 

aquifer matrix (solid phase). 

The retardation factor, &, that quantifies the velocity of the contaminant (V,) with respect to the 

velocity of the water (V,), is dependant upon the properties of the geologic media and the 

properties of the contaminant as described by the following equation: 

where: 

p = bulk density of the geologic media 

n = porosity 

Kd = distribution coefficient of the contaminant 

The greater the value of Kd (or K,) the greater the compound is attracted to aquifer matrix and 

the slower it will migrate with respect to the groundwater-velocity. A chemical with a 

retardation factor of 1 is not retarded relative to the flow of groundwater, whereas a retardation 

factor of 2 means that the chemical travels at one-half the velocity of groundwater. The 

following discussion reviews the procedure used to calculate a theoretical retardation factor for 

a compound in colluvial materials at OU1. The compound used in this example is 

trichloroethene. 

Given a sample of colluvium containing 38.2 % clay (sitewide average) and assuming a range 

of smectite (montmorillonite) values of between 20 and 80% (with a theoretical surface area of 
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750 m2 per gram, Table 5-6) the calculated f,* values for trichloroethene are 0.0029 and 

0.0114, respectively. These values are greater than the mean organic carbon content (0.0022), 

indicating that partitioning of trichloroethene will be dominated by adsorption to clay. 

The calculated Ks values for trichloroethene are listed in Table 5-13, and are 0.068 and 2.74, 

respectively. The total distribution coefficient (organic and inorganic combined) is also 

calculated, using an f, of 0.0022, resulting in values of 0.96 and 3.02. Retardation factors 

based on the total distribution coefficients, a bulk density of 1.77 grams per cubic centimeter 

(g/cc), and an effective porosity of lo%, are 5.5 and 15.3. These calculations, presented in 
Appendix B6, show that the migration of trichloroethene is significantly retarded relative to 

groundwater flow in the clay-rich geologic materials at OU1. 

Theoretical retardation factors have been calculated for VOCs detected at OU1 (Table 5-13). 

From Table 5-13 it is apparent that when smectite clay values are low (Le., 20% of total clay 

content) the organic carbon-based distribution coefficient, Kd, is in most cases smaller than the 

surface-specific distribution coefficient, Ks , given typical organic carbon values of 0.0022. 

Those compounds with higher organic carbon partition coefficients, K,, have higher Kd values 

than compounds with low K, values. Similarly, those compounds with higher octanol-water 

partition coefficients also have higher K, values. Compounds with high K, values also have the 

highest retardation factors (e.g., carbon tetrachloride). These retardation factors have been used 

to estimate the range of travel distances for various VOCs using MSS 119.1 as the source area. 

These calculations and results are presented and discussed in Section 5.3.2.2. 

5.2.2.2 Semivolatile Organic Compounds 

SVOCs were detected in surface and subsurface soils and groundwater at OU1. Physical and 

chemical properties of selected SVOCs are listed in Table 5-1. The following discussion 

describes the environmental chemistry of these compounds and properties affecting the fate and 

transport and mobility of these compounds. 

Final Phase III RFURI Report 
EG&G, Operable Unit Number 1 
eg&g\oul\fi-ri\sec-5.jun 

June 1994 
Page 5-33 



e Polvnuclear Aromatic Hvdrocarbons 

PAHs are hydrocarbons with more than one aromatic ring. This group of compounds comprises 

the largest number of SVOCs detected in soils at OU1. The vast majority of PAHs are solids 

at standard temperatures and pressures. These compounds are characterized by low solubilities, 

moderate to low volatilities, and moderate to high partition coefficients. PAHs are considered 

relatively immobile in soil-water systems (Howard et al., 1990). The absence of PAHs in 

deeper soil intervals or groundwater at OU1 reflects the immobility of these compounds. 

Volatilization is typically minor for PAHs with more than three-fused aromatic rings, which 

comprise the majority of OU1 PAHs. However, for naphthalene, a two-fused aromatic ring 

PAH and the simplest of the PAHs, volatilization is typically higher than for other PAHs. The 

solubility of naphthalene is about 32 mg/2, making it the most soluble and mobile of the PAHs 

(Howard et al., 1990). In contrast, chrysene, a four-fused aromatic ring PAH detected at OU1, 

has a solubility of 3.8 pg/t, approximately 8,500 times less than naphthalene. As a general 

rule, solubility, volatility, and biodegradation potential decreases with an increasing number of 

fused aromatic rings. 

Many two-, three-, four-, and five-fused ring PAHs have been reported to undergo bacterially 

mediated mineralization in aerobic environments in the presence of oxygen (Bauer and Capone, 

1985; Keck et al., 1989). However, it has also been demonstrated that PAH mineralization will 

occur when alternative electron acceptors such as nitrate, manganese (Mn+4 or MnO,), iron 

(Fe+3), sulfate, and carbonate are present (McFarland and Simms, 1991). Free energy 

calculations indicate that PAH oxidation will utilize the following electron acceptors in sequential 

order: 02, NO3-, Fe+3, MnO,, FeOOH, SOi2, and CO, (McFarland and Simms, 1991). 

In soils at OU1, oxygen and the ferric and manganese oxyhydroxides will be the primary 

oxidants, whereas in groundwater, oxygen, NO3', SOi2, and C0i2  would be the main oxidants. 

The occurrence of PAHs in the presence of the aforementioned oxidants in near-surface soils at 

OU1 suggests that PAH degradation would occur, especially in the near-surface soils (0 to 6 

feet) in which most of the PAHs are found. In addition, the high soil-water partition coefficients 

(Table 5-1) of most PAHs suggest that partitioning to the aqueous phase will be relatively low 
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when compared with VOCs and that mobility in the soil-water system at OU1 will also be low. 

However, the potential for eolian transport as adsorbed phases onto dust particles will be 

relatively high if the PAHs are exposed at the surface due to the high a f f ~ t y  of PAHs for the 

solid phase. Eolian transport of OU1 contaminants was modeled as part of the PHE. The 

model results are presented in Section 5.3.2.3. 

@ 

PCBs were detected in two locations (Figure 4-16) at OU1 within the upper 6 feet of soil. 

Aroclor-1248 and -1254 were detected in IHSSs 119.1 and 119.2 at pglkg to low mg/kg levels. 

Aroclor-1248 and -1254 are characterized by very low solubilities (54 pglt and 57 pg/L, 

respectively), very high octanol-water partition coefficients (log Kow = 6.11 and 6.47, 

respectively), and low susceptibility to biodegradation in aerobic soils (Montgomery and 

Welkom, 1990). The absence of PCBs in groundwater at OU1 reflects its limited occurrence 

and immobility in soil-water systems. 

0 PCBs are expected to be very immobile given the high Kow values and the high clay content in 

alluvium at OU1. As a result of the high affinity for the solid phase, adsorption of PCBs at 

OU1 are expected to be substantial. As a result, potential migration pathways for PCBs at OU1 

are probably limited to eolian transport on soil or dust particulates. Biodegradation is not 

expected to be an important process at OU1 due to the oxidizing conditions observed there. 

However, abiotic processes such as dehalogenation may act to reduce the concentration of PCBs 

over time. 

5.2.2.3 Radionuclides 

Nuclear properties of RADS are listed in Table 5-14. Based on Phase III data, the majority of 

RAD species occurring above background across most of OU1 are found in surface soils (0 to 

2 inches) and to a lesser extent to 6-foot depths in alluvial/colluvial materials (refer to Section 

4). Based on plutonium and americium isopleths of surface soils activities discussed in Section 

4.4, the source of the widespread plutonium and americium at OU1 is the 903 Pad. However, 

significantly elevated concentrations of plutonium/americium, depleted uranium, enriched 
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uranium, 

depths in 

and uranium-233 occur in localized "hot spots" within MSS 119.1 and extend to 

excess of 10 inches (refer to discussion in Section 4.4) 

The geochemistry and mobility of RADs in soil-water systems is controlled by a variety of 

processes, including adsorption, ion exchange, complexation, precipitation, and 

oxidatiodreduction reactions (Brookins, 1988). However, the absolute effect that each of these 

processes has on the mobility of individual RADs in a soil cannot be directly determined without 

site-specific data that quantitatively describe the soil-RAD interactions. These data usually 

involve specially designed laboratory experiments, such as batch or column tests, for individual 

RADs. However, in the absence of such tests, use of published soillwater distribution 

coefficients in conjunction with known OU1 soil properties (e.g., organic carbon content, clay 

content, and soil pH) can be used to derive qualitative estimates of RAD mobilities in site soils. 

Table 5-15 presents published distribution coefficients for RADs detected at OU1 for four major 

soil types. The distribution coefficient for sand and clay are applicable to OU1, based on 

geotechnical data presented in Table 5-4. 

Distribution coefficients typically describe adsorption processes. Adsorption processes are 

surficial reactions involving organic carbon and/or inorganic solids such as clays and iron 

oxyhydroxides that involve the transfer of a RAD from the liquid phase to the solid phase. In 

general, RAD adsorption increases with increases in organic carbon and clay and iron 

oxyhydroxide content. 

For surface soils at OU1, the relatively high organic carbon content of the A-horizon indicates 

that adsorption of RADS will be high. In contrast, the low organic carbon content of subsurface 

soils (alluvium and colluvium) indicates that adsorption is controlled by fme-grained inorganic 

solids and metal oxyhydroxides. The high surface charges of these solids act to preferentially 

adsorb multivalent elements with high ionic potentials (charge to radius ratios) such as plutonium 

and americium. AUuviaUcolluvial deposits at OU1 average slightly more than 38% clay, so 

adsorption of RADs to the solid phase is expected to be very high at OU1. In the vadose zone 

soils at OU1, where the moisture content ranges from 8.2% to 25.8% and conditions are 

oxidizing, the mobility of all RADs should be very low, approaching relative immobility. Even 

during episodic recharge events when the water to solids ratio is at its highest, the mobility of 
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most RADs should be minimal. Individual RADs are discussed below regarding their predicted 

behavior and mobility under the conditions known at OU1. 0 
Plutonium 

Plutonium is a transuranic radioactive element produced by fission reactions in nuclear reactors, 

by the explosion of nuclear fission devices, and by natural radioactive processes. There are 

15 isotopes of plutonium with half-lives ranging from minutes to thousands of years. The 

principal isotope of plutonium, plutonium-239, has a half-life of 24,400 years and a specific 

activity of 6.13 x 10” pCi/g. A similar isotope, plutonium-240, has a half-life of 6,580 years. 

Small amounts of plutonium-239 are produced naturally in uranium minerals, such as pitchblende 

and carnotite, by neutron capture of uranium-238 followed by beta-decay of the resulting 

uranium-239 and neptunium-239 (Faure, 1991). 

Plutonium is stable in two oxidation states in most natural environments as Pu+3 or P u + ~ .  Pu@I) 

is the dominant species in acidic environments, whereas plutonium(IV) is the dominant species 

under alkaline or oxidizing conditions, such as at OU1. Figure 5-1 1 is an Eh-pH diagram for 

plutonium (Brookins, 1988). Figure 5-1 1 shows plutonium species for the system Pu-0-H. This 

figure illustrates that solid plutonium dioxide (PUO,~~)) is stable over the range of Eh-pH 

conditions present in the subsurface at OU1. This species has an extremely low solubility at 

near-neutral pH values. For example, at a pH of 7.5, the solubility of Pu+4(ap) ion in equilibrium 

with solid PuO,,), in the absence of complexing, is approximately 10”7,5 molar or lo”, pglf. 

Figure 5-11 also depicts the system Pu-C-0-H, showing the stability ranges for the hydroxide 

species of plutonium. The important difference between the diagrams is that the diagram in 

Figure 5-1 1 predicts that under alkaline and oxidizing conditions, a soluble form of plutonium, 

Pu(OH),-(,, is potentially stable, by the hydrolysis of solid PU(OH),~~). The formation of this 

species would be likely to occur only under high water to solid ratios, such as would occur 

during recharge events in the vadose zone soils (Brookins, 1988). However, thermodynamic 

calculations indicate that the conversion of plutonium hydroxide to plutonium dioxide is mildly 

exothermic, indicating that with sufficient time, freshly precipitated Pu(OH),, will convert to 

PuO,,,. Conversion of the hydroxide to the oxide would reduce the potential to release the Pu- 
e 
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hydroxide anion to solution and thereby lower its potential mobility. The relatively low seasonal 

recharge rates at RFP favor the formation of PuO,,. 

In general, plutonium species have a strong a f f ~ t y  for the solid phase as indicated by the high 

K, values listed in Table 5-15. Mean distribution coefficients range from 550 ml/g in sandy 

soils (> 70 % sand-sized particles) to 5,100 ml/g in clay soils ( > 35 % clay-sized particles). A 

value of 5,100 mllg indicates that plutonium is strongly adsorbed to clay particles, and is also 

expected to undergo strong cation-exchange reactions due to its strong positive charge. The 

occurrence of plutonium at OU1 in near-surface soils and the lack of plutonium in groundwater 

is consistent with plutonium behavior documented in the literature. 

Americium 

Americium is produced by the beta-emission disintegration of plutonium-241 (Poet and Martell, 

1972; Faure, 1991). Americium has the potential to exist in two oxidation states in natural 

systems, americium @I) and americium (IV); however, trivalent americium is the most stable 

form. 

Figure 5-12 is the Eh-pH diagram for americium for the system Am-C-0-H (Brookins, 1988). 

There are two main fields of stability for americium species at pH values typically found in 

natural systems. For acidic pH values of 6 or less, the trivalent americium cation is stable. For 

pH values above 6, the carbonate solid, Am2(co3)3(c), and the solid americium dioxide, AmO,,,,, 

are stable (Brookins, 1988). For conditions at OU1, where carbonate-rich sediments and 

groundwater exist, the americium carbonate solid should be the stable form. 

Americium is known to be strongly adsorbed to clays and carbonate solids such as calcite. Data 

for the equilibrium partitioning of americium to calcite are on the order of lo5 or greater 

(Faure, 1991). The positive three charge on the trivalent americium ion indicates that it is 

strongly partitioned by adsorption or ion exchange such as to solids (silts, clays, and iron 

oxyhydroxides) that exhibit high negative surface charges. Because the subsurface sediments 

and soils at OU1 have a high percentage of these solids, americium solubility and mobility in 

the vadose zone soils, in groundwater, and dissolved in surface water at OU1 should be very 
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low. Americium does have the potential, however, to be transported as an adsorbed particle via 

eolian transport or overland flow to surface water. At OU1, americium transport by eolian 

processes has occurred as evidenced by the widespread occurrence of elevated americium in 

surface soils (Section 4.4). Surface water occurrence at OU1 is limited and, therefore, surface 

water transport of americium is also limited as evidenced by the low frequency of occurrence 

of elevated americium sediment. 

Uranium exists in nature in two oxidation states, uranium(IV) and uranium(VI) (Hem, 1985). 

The Eh-pH diagram presented in Figure 5-13 depicts the system U-C-0-H, which can be used 

to describe the geochemistry of uranium in carbonate-rich soils and groundwaters such as at 

OU1. In general, the environment at OU1 is oxidizing with groundwater pH values between 7 

and 8. Soil pH values range from 7.05 to 8.60, confirming that an alkaline soil-water 

environment exists. 

Examination of Figure 5-13 shows that tetravalent uranium is relatively insoluble in soil-water 

systems, existing primarily as the solid species UO,, across the entire spectrum of pH values, 

and at reducing Eh values. When oxidized to the hexavalent form, uranium is highly mobile 

under all pH conditions, except for a limited area around pH 5 to pH 6.5 where the uranium 

carbonate is stable, precipitating as U0,C03,. At pH values greater than 6, the uranyl 

carbonate complex U02(C03);2,, becomes stable thereby increasing the solubility of uranium. 

At highly alkaline values, the highly soluble complex uo,(co3)34(a@ is stable. 

The occurrence of uranium at all depths in soils at OUl and the detection of uranium in site 

groundwater suggests that uranium is mobile under OU1 site conditions. Excluding the "hot 

spots," the apparently homogenous distribution of uranium in subsurface soils is explained as 

the random distribution of naturally occurring uranium in the Rocky Flats alluviumkolluvium 

at OU1. Given the alkaline nature of OU1 soils, high carbonate content, and relatively oxidizing 

conditions in the subsurface, it is highly likely that the soluble uranium anion complex, UO, 

(C03)y2, is stable at OU1. 0 
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Uranium isotopes found in surface and subsurface soils at RFP also occur naturally in 

sedimentary and Precambrian rocks just a few miles west of RFP. Therefore, it must be 

determined if the occurrence of uranium at OU1 is man-made (uranium-233, enriched or 

depleted) or natural. The method used to distinguish these sources compares the isotopic mass 

abundances of uranium isotopes at OU1 to known isotope ratios for natural, depleted, and 

enriched uranium. Natural uranium is composed of 99.275 % uranium-238,0.72 % uranium-235, 

and 0.005% uranium-234. Depleted uranium is composed of 99.75% uranium-238, 0.25% 

uranium-235, and 0.0005 % uranium-234. Enriched uranium is composed of 97% uranium-238, 

3% uranium-235, and 0.03% uranium-234 (EG&G, 1988). Table 5-16 lists the ratios of 

uranium isotopes in surface soils at OU1. The average percentage of uranium-238 is 99.23 % , 
uranium-235 is 0.795 % , and uranium-234 is 0.005 % . These ratios indicate that uranium at OU1 

is well within the mass percentage values for natural uranium. A verification of the mass ratio 

calculations can be made by comparing the activity ratios of uranium-234 to uranium-238. 

Natural activity ratios are close to 1.0. Uranium ratios at OU1 average 0.97, c o n f i i  that, with 

the exception of "hot spots," uranium in surface soils at OU1 is naturally derived. 

Similar calculations were also performed on subsurface soil and surface water samples at OU1. 

The average percentage in surface soils of uranium-238 is 98.854 % , uranium-235 is 1 14 % , and 

uranium-234 is 0.006%. Activity ratios of uranium-234 to uranium-238 average 1.17. Surface 

water samples average 99.78% uranium-238, 0.207% of uranium-235, and 0.0079% uranium- 

234. The uranium-234/uranium-238 activity ratio in surface water is approximately 1.48. These 

values also fall within the ranges for naturally occurring uranium. Contrary to the above results, 

the uranium-234/uranium-238 ratios in "hot spots" and in some 1987 surface soil data indicate 

the presence of depleted and enriched uranium. Uranium-233 also appears to be present in some 

"hot spots." This is discussed in detail in Section 4.4. 

5.2.2.4 Metals 

As discussed in Section 4.8, the release mechanism theorized to account for selenium and 

vanadium in groundwater include leakage of aqueous selenium and vanadium solutions from 

drums stored at IHSS 119.1 (undocumented RFP wastes) or the leaching of these metals from 

soils by RFP wastes that display chelating properties. In either of these cases the metals would 
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have been released as an aqueous solution. Alternatively, some circumstantial evidence exists 

to suggest that these metals are naturally occurring (refer to Section 4.9 and Appendix D). ' 
The primary transport mechanism is advective transport via groundwater. However, several 

mechanisms discussed in earlier sections will act to limit the migration of metals in groundwater 

and include such processes as adsorption to clays, iron oxyhydroxides, and other reactive solid 

phases, ion-exchange reactions, precipitation and coprecipitation reactions, and oxidation- 

reduction reactions. In the clay and iron oxyhydroxide-rich matrix of OU1 colluvium, these 

processes are likely restricting the availability and mobility of these elements. Table 5-7 lists 

trace elements that are subject to coprecipitation by various solid phases. Given the site 

groundwater conditions, including slightly basic pH but apparently high redox potentials, and 

the assumption that geologic materials at the site are relatively enriched in hydrous oxides of 

iron and aluminum and possibly amorphous aluminosilicates, the following generalities can be 

made about groundwater transport of selenium and vanadium. 

@ Selenium in the aqueous environment exists in -2, +4, and +6 valence states, while vanadium 

is most stable in the aqueous environment at +3, +4, and +5 valance states. As seen from 

Figure 5-14, the divalent selenium oxide SeO, is most likely the dominant ion in solution under 

given site conditions. Hydrous vanadium oxides are the likely predominant vanadium species 

in groundwater at the site, as identified in Figure 5-15. 

Assuming that Fe2+ activity is controlled by amorphous Fe(OH),, it can be seen from 

Figure 5-16 that the solubility of ferric selenites is extremely high at redox potentials identified 

for the site. This indicates that precipitation of selenium compounds is not a significant factor 

in limiting the transport of selenium in site groundwater, as site conditions could support 1 molar 

solutions of the ferric compounds, equivalent to selenium concentrations of 80,000 mg/Z or 

more. 

On the other hand, precipitation may play an important role in the attenuation of vanadium at 

OU1. Lead and uranium compounds with vanadium are highly insoluble at site conditions 

(Figure 5-17) and would likely precipitate out, at lead or uranium activities on the order of 

1OE-11, at concentrations of vanadium as low as 1E-08 pg/Z. Therefore, the observed higher 
a 

Final Phase DI RFURI Report 
EGBrG, Operable Unit Number 1 
eg&g\oul\rti-ri\sec-5 .jun 

June 1994 
Page 541  



concentrations at OU1 could be explained by the solubility of vanadium compounds of iron and 

calcium. Site groundwater conditions could support solutions of these compounds equivalent to 

vanadium concentrations in the pg/t to mg/l range. 

5.2.3 Summary of Processes and Behavior 

Of the media transport processes controlling potential routes of contaminant migration at OU1 

(soil, groundwater, surface water and sediment, air, anthropogenic, and biotic processes), only 

a few of these processes are considered signifcant as a result of the physical condition at OU1. 

The importance of each media transport process is dependent upon the extent to which each 

process operates, which in turn affects the transport of contaminants from the source area to a 

potential receptor. In addition, each transport process is potentially affected by processes that 

attenuate contaminants during the transport process. Attenuation processes include processes 

such as adsorption, biodegradation, or oxidation-reduction reactions. The processes responsible 

for redistributing contaminants at the individual MSSs at OU1 differ in significance at each 

IHSS. Those transport pathways identified as significant for the OU1 MSSs are discussed 

below. 

Contaminants were originally introduced to the environment at OU1 by waste storage, disposal, 

or discharges to surface soils. Currently, transfer of contaminants from soils to surface water 

and sediments at OU1 occurs primarily by wind erosion. Transfer by surface water erosion and 

overland flow events are minimized by the SID. Transfer of contaminants from soils to UHSU 

groundwater is suspected to have occurred at OU1 as a gravity-driven wetting front of free-phase 

solvents at the time of release or shortly thereafter. Other continuing processes may include 

leaching or desorption mechanisms in response to percolating meteoric water. Transfer of 

contaminants from soils to soil gas is generally restricted to the in situ volatilization of VOCs. 

Soil gas migration to the atmosphere is also occurring based on model output presented in 

Section 5.3.2.1 

The most important migration processes identified at OU1 are transport of dissolved VOCs by 

groundwater migration. Transport and distribution of RADs by wind and surface water are also 

important pathways at OU1. The high distribution coefficients of most RADs partitions them 
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to the solid phase, effectively immobilizing them in soils, unless the soil particles are physically 

moved. As a result, redistribution of adsorbed R A D s  by soil or dust particles mobilized by wind 

is considered a major potential pathway at OU1. Surface water transport of RADs is considered 

a minor pathway. Because RADs are not contaminants in groundwater, this pathway is 

precluded. 

IHSSs 119.1 and 119.2 are sites where the releases of both solid and liquid wastes may have 

occurred over several years. Based on aerial photographs (Figure 3-26), waste materials and 

containers were stored at these MSSs during the period 1967 to 1971, at a minimum. 

Subsurface soils at these sites contain low levels (low ppm to low ppb levels) of SVOCs, and 

VOCs and are most likely attenuated by chemical and biological degradation processes that 

restrict their mobility and lower their concentrations with time. In addition, relatively high 

uranium, plutonium, and americium activities were noted at localized areas in IHSS 119.1. 

SVOCs and RADs are the most frequently detected contaminant group in near-surface soils. 

@ As was discussed in previous sections of the report, the migration pathways for contaminants 

in UHSU groundwater near these IHSSs are defined by small drainages visible on the surface 

and their associated bedrock channels (paleochannels) . These migration pathways are identified 

on Figures 4-24 and 3-26. In the western portion of OU1 (Building 881 area and IHSS 119.1 

area), the migration pathways terminate at the French Drain (based on available data). In the 

eastern portion of OU1 (MSS 119.2 area), the bedrock channels may contain groundwater as 

a continuous uninterrupted pathway (at least seasonally) from potential source areas to Woman 

Creek. However, the contamination in the eastern portion of the OU1 is dilute with typical 

VOC concentrations between 1 and 30 pglf?. In addition, the presence of a completed 

contaminant migration pathway from suspected eastern source areas to the creek is not a 

certainty (Sections 4.7 and 4.9). 

5.3 CONTAMINANT MIGRATION 

Contaminant migration is of concern from the dual standpoints of understanding how time will 

alter the nature and extent of contamination and where, and at what levels, receptor populations 

might be exposed to contamination over time. Section 5.3 discusses processes active along 
0 
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potential migration routes at OU1 that create complete migration pathways where contaminants 

are or may be transported. Section 5.3 also presents a discussion of selected contaminant 

behavior along the delineated migration pathways, and where appropriate, summarizes the 

results of modeling undertaken for the BRA to quantify plausible exposure concentrations. 

Section 5.3.1 describes the characteristics of the migration pathways of unsaturated and saturated 

zones, surface water, and air in terms of a conceptual model. Using these pathway conceptual 

models, Section 5.3.2 discusses the applicability of contaminant transport modeling in light of 

the available data. Section 5.3.2 also briefly summarizes quantitative modeling of contaminant 

transport in soil gas, surface water, and the atmosphere, which was performed to simulate 

exposure point concentrations. For a detailed discussion of the modeled migration pathways and 

a presentation of the complete methodology and results of the PHE modeling effort, refer to 

Appendix F of this report. Figures 5-18 and 5-19 graphically illustrate the various contaminant 

migration pathways associated with groundwater contamination during typical high and low 

water conditions. 

5.3.1 Migration Pathwavs 

Substantial differences have been identified in the nature and extent of groundwater 

contamination in the western portion of OU1 surrounding Building 881 and in the eastern portion 

of OU1, particularly IHSS 119.1. Each of these areas has unique sources and different 

concentration ranges, as well as differences in migration pathways. The sections below discuss 

possible pathways recognized in the western and eastern areas of OU1 and assess the degree of 

completeness of each pathway. 

5.3.1.1 Building 881 Area 

As discussed in Section 4, contaminants were only infrequently detected in spatidly separated 

locations in and around Building 881 vadose zone soils. The reported concentrations were 

generally at low to trace levels, and with the exception of the VOCs that were detected, the 

contaminants found in surface soil exhibit relatively immobile behavior (Section 5.2). 

Contaminants were detected only infrequently in groundwater in this area. Where VOCs were 
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detected, concentrations characteristically were at low levels ( < 20 pg/l'), commonly 

approaching lower detection limits. Therefore, as discussed in Section 4, there is generally little 

contamination available for transport in the Building 881 area. Migration pathways in the 

vicinity of Building 881 are discussed below in the context of the few contaminant detections that 

have been reported. 

A continuous saturated zone is present from Building 881 to the Woman Creek Valley Fill 

Alluvium. The groundwater flow path in the Building 881 area has been characterized as having 

an average linear flow velocity of 7.8 feet per year (Table 3-16). Based on the available 

groundwater level data, it appears that this groundwater flow pathway is presently intercepted 

by the French Drain, which captures groundwater flowing in the UHSU downgradient of 

Building 881 (Appendix B4). 

Organic contaminants detected in UHSU groundwater in the vicinity of Building 881 include 

sporadic detections of VOCs at low pg/l concentrations during several sampling events in 

several monitoring wells proximal to, but downgradient of, Building 881. One exception to this 

trend is a one-time detection of VOCs in the 100 pg/l range at well 0187 southwest of Building 

881. These detection are attributed to a release of aqueous-phase VOCs from a sanitary sewer 

line @ISS 145) north of this station. 

0 

VOCs similar to the ones found in groundwater south and southwest of Building 881 have also 

been detected in soils and soil gas just southeast of Building 881 and near MSS 103. 

Selenium and vanadium have been detected above background concentrations south of Building 

881 and in the vicinity of MSS 102. However, the detections have been sporadic or one-time 

occurrences. In addition, total metals were not found to be elevated in groundwater near the 

suspected contaminant release areas @ISS 145) nor were they elevated in OU1 soils. Therefore, 

these occurrences are not considered conclusive evidence of an RFP waste-related feature. 

Based on the site conceptual model and specific hydrogeologic and chemical data collected near 

Building 881, a groundwater pathway exists for transport of VOCs downgradient of 

Building 881. This pathway is illustrated on Figures 3-26 (aerial photograph) and 4-24. If the 
0 
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French Drain was absent, this pathway potentially could deliver VOCs to the Valley Fill 

Alluvium. However, the current and historical extent of contamination as depicted on 

Figure 4-21 suggests that the VOC plume has never extended beyond the SID. The existence 

of the French Drain in the western portion of OU1 effectively isolates (based on available 

groundwater level data) the contaminated UHSU groundwater from the Valley Fill Alluvium and 

Woman Creek. 

In addition, the suspected source for the majority of the dissolved-phase plume is a leaking 

sanitary sewer line (MSS 145), which likely discharged an aqueous solution that would not 

constitute a continuing source for future groundwater contamination. A localized area of 

residual tetrachloroethene may be present near well 5287 based on a high soil gas detection 

during the Phase I RI (Figures 4-28 and 4-29) (Rockwell, 1987a). 

Volatilization from groundwater into soil gas is not a substantial migration process in the area 

surrounding Building 881 as is indicated by low concentrations and sporadic detections of VOCs 

in groundwater. 

Shallow subsurface soil data from the 0- to 6-foot interval and surface soil data hdicate that 

PAH compounds and plutonium and americium above RFP background would be susceptible to 

eolian transport by resuspension of fugitive dust. Areally limited detections and low 

concentrations indicate that this pathway has not been a significant factor in past contaminant 

distribution in the vicinity of Building 88 1. Similarly, because only limited areas have elevated 

contaminants at the surface (and are susceptible to wind or surface water transport), these 

pathways are not considered to be important mechanisms for substantial current or future 

contaminant migration. 

In summary, pathways active in the past in western OU1 and around Building 881 have included 

only limited transfer of VOCs from vadose zone soils to UHSU groundwater. Groundwater in 

this area of OU1 is estimated to flow southeasterly at a rate of 7.8 feet per year. Volatilization 

from groundwater to soil gas, with subsequent discharge to the atmosphere, does not cause 

substantial migration because the low concentrations detected in groundwater do not constitute 

a viable source for soil gas transport. RAD-contaminated particulates have been distributed in 
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limited areas over surfkial soils in the western areas of OU1 with very little vertical subsequent 

migration in the vadose zone soils. Some minor overland flow may have taken place, but the 

effects of this cannot be separated from windblown dispersion and are considered negligible. 

5.3.1.2 MSSs 119.1 and 119.2 

VOCs detected in UHSU groundwater in and downgradient of IHSS 119.1 are the highest at 

OU1. The highest concentrations measured represent up to 7% of the contaminant solubility 

limit indicating the possible presence of mobile or immobile DNAPL, although DNAPL was 

never directly measured or observed at OU1. The location of the inferred DNAPL is the former 

drum storage area in the southwest corner of the IHSS. 

Based on the site conceptual model, the bedrock surface controls the flow of shallow 

groundwater to a large degree. Data presented in Sections 3 and 4.7 support this conceptual 

model of groundwater flow. From the inferred release point in the southwest corner of the 

IHSS, contaminated groundwater has flowed south, down the hillside, remaining for the most 

part within a small linear north-south oriented bedrock depression (paleochannel). This 

depression and others like it on the hillside are the result of erosion by surface water during 

severe precipitation events. The surface expression of these features are small gullies. Although 

these features are subtle, historical aerial photographs taken prior to earth moving activities on 

the hillside clearly show these small drainages. 

@ 

It is postulated that the colluvial material overlying these paleochannels forms a groundwater 

migration pathway between the IHSS and Woman Creek that lis seasonally saturated. During 

low water conditions (up to 9 months of the year), the continuous pathways may be interrupted 

by dry zones. Figures 5-18 and 5-19 are idealized cross-sectional diagrams of the UHSU and 

LHSU groundwater systems (low water and high water conditions) depicting the conditions along 

the axis of one of the drainages south of IHSS 119.1. 

As is shown in Figure 3-26, the drainage south of the former drum storage areas constitutes a 

potential contaminant migration pathway. However, the extent of contamination map 

(Figure 4-24) indicates that the dissolved VOC plume has not advanced beyond well 4787, which 
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0 is approximately 300 feet from Woman Creek. Contaminant migration rate calculations 

presented in Section 5.3.2.2 suggest that the total distance traveled from the inferred source is 

within the predicted range, although at the low end of the range. The observed extent of VOC 

contamination is 280 feet while the predicted range is 4 feet to a maximum of 5,113 feet. The 

calculations and assumption made are presented and discussed in Section 5.3.2.2. 

Figures 3-26 and 4-24 depict a second paleochannel leading south from IHSS 119.1 at the east 

end of the IHSS. Preexisting well 0687, located within this drainage, has contained groundwater 

contaminated with VOCs at 1 to 30 pg/t levels. Based on this contamination and the alignment 

of the IHSS and well 0687 within the paleochannel, the presence of another weaker source in 

the east portion of the IHSS is suspected. The paleochannel is considered a contaminant 

migration pathway. However, like the more significant contamination in the west portion of the 

MSS, this groundwater should also be captured by the French Drain. 

Volatilization of VOCs from groundwater to soil gas is a viable pathway at IHSS 119.1. An 
estimate of the concentration of VOCs in soil gas with subsequent flow into a hypothetical 

building on 881 Hillside was computed in the PHE (Appendix F). This modeling showed that, 

in theory, sufficient mass of contaminants could be transported to hypothetical future occupants 

resulting in slightly elevated risk from exposure to certain inhaled VOCs. 

Low concentrations (1 to 30 p g l t )  of VOCs were detected in several widely spaced wells in and 

downgradient of IHSS 119.2. Two of these wells, a nested pair (6286 and 6386), are located 

within a paleochannel that is aligned with the east side of MSS  119.2 and the 903 Pad 

suggesting that either waste storage area may be contributing to VOCs detected at the 

downgradient well nest. One of the wells located downgradient of MSS 119.2 (6486) is 

constructed in Valley Fill Alluvium near Woman Creek. This well appears to be located just 

down stream of the confluence of a small paleochannel with Woman Creek and has also 

contained groundwater contaminated with low pglt concentrations of VOCs. This paleochannel 

is aligned with the western portion of IHSS 119.2. Figure 3-26 illustrates the paleochannels on 

both the east and west sides of IHSS 119.2, and Figure 4-24 illustrates the inferred extent of 

contamination within these paleochannels. 
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Although the above-referenced figures illustrate potential groundwater migration pathways 

between the 903 Pad, IHSS 119.2, and Woman Creek, there is considerable uncertainty 

regarding whether VOCs have actually migrated along these pathways to the Creek. If 

geohydrologic conditions at IHSS 119.2 are similar to those at 119.1, then contaminants should 

not have migrated from IHSS 119.2 to Woman Creek, for contaminants have not migrated to 

Woman Creek from IHSS 119.1. Furthermore, the dilute and similar contaminant 

concentrations at IHSS 119.2 and well 6486 do not indicate the expected dilution (dispersion) 

that should have occurred. Nevertheless, the paleochannels downgradient of IHSS 119.2 and 

the 903 Pad contain migrating contaminated groundwater that is not influenced by the French 

Drain, as evidenced by VOC-contaminated groundwater in well 6286 (Figures 4-24 and 4-25). 

Suficial soils in the eastern part of OU1 containing plutonium/americium and SVOCs are 

susceptible to surface transport by eolian resuspension and surface water runoff. Shallow 

subsurface soil data from the 0- to 6-foot interval and surface soil data indicate that PAH 

compounds would also be susceptible to eolian transport by resuspension of fugitive dust. The 

widespread distribution of plutonium and americium activities above background in surface soils 

indicates that eolian transport has been a factor in causing contaminant distribution and 

dispersion in the eastern OU1 area. 

In summary, the primary pathways that are active in discrete areas in the eastern OU1 area 

include the transfer of VOCs from vadose zone soils to UHSU groundwater with subsequent 

downgradient flow, eolian transport of contaminated fugitive dust and surface soil particulates, 

and limited transport by surface watedoverland flow. 

At IHSS 119.1, some limited vertical migration from the vadose zone soils and/or UHSU to the 

LHSU appears to be taking place. At IHSS 119.1, VOCs have been introduced into the LHSU 

groundwater below the site. Also potentially active at IHSS 119.1 is volatilization from UHSU 

groundwater to soil gas with subsequent discharge to the atmosphere. RAD-contaminated 

particulates originating near 903 Pad in OU2 have been distributed onto suficial soils in the 

eastern OU1 area with only very limited vertical migration in the vadose zone soils. After 

deposition by eolian transport, some subsequent limited surface water/overland flow and 

anthropogenic remobilization may have taken place. 
a 
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5.3.2 ModelinP Methods and Results 

The two most important pathways for transport of COCs to potential human receptor populations 

have been modeled for the PHE. The COCs are a subset of the total list of detected analytes 

that have been selected based on a number of criteria including frequency of detection, 

carcinogenic nature, detection at concentrations statistically greater that background, and other 

factors. Technical Memorandum 8, Contaminant Idenhjkation, describes the process used to 

screen for human health COCs and presents the list derived for the OU1 PHE. 

The two modeled pathways include volatilization of organic compounds from groundwater to soil 

gas with subsequent transfer to the interior of a hypothetical building and eolian transport of 

resuspended contaminated soil and fugitive dust. These two pathways are considered to be more 

important in the eastern part of OU1 than in the western part of OU1 because there is more 

contamination in media available for transport. A third migration pathway, that of groundwater 

transport in the UHSU, was not modeled for the Phase III RFI/RI at OU1. This decision was 

reached jointly by EPA, CDH, and EG&G on the basis that standard numerical computerized 

modeling would not produce meaningful results given the complex hydrogeology at OU1 (refer 

to Section 5.3.2.2 for an additional discussion) and the lack of specific confirmation regarding 

the size and date of release. 

Section 5.3.2 summarizes the results of modeling conducted for the PHE and presents a synopsis 

of the findings. Appendix F presents the complete modeling discussion. 

5.3.2.1 Soil Gas Transport 

The objective of soil gas modeling is to predict the transport and resulting concentrations of 

contaminants through the soil gas pathway at a given exposure point. These predictions are used 

in conducting the OU1 PHE. For a more detailed coverage of the soil gas modeling, refer to 

Appendix F (Attachment F-2). 

The Johnson and Ettinger (1991) soil gas model (hereafter called the Johnson model) was 

selected as most appropriate to simulate potential future conditions in a hypothetical structure 
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at OU1 affected by the migration of VOCs in soil gas volatilized from contaminated groundwater 

in the saturated zone. The model was used to simulate conditions for a hypothetical future on- 

site commercidindustrial worker and a hypothetical future on-site resident. Typical building 

dimensions were assumed as those that could be constructed in the future on the hillside east of 

Building 881. The model calculates diffusion of contaminants from the source in groundwater 

to a location near the base of the hypothetical structure, estimates the migration of the gas 

through the wall or floor of the structure, and then predicts the concentration of contaminants 

in gas based on mixing calculations, taking into account ventilation within the building. 

a 

In applying the model, various input parameters were used for the calculations. These include 

chemical parameters such as contaminant concentration in groundwater, Henry’s law constant, 

coefficients for organic carbon partitioning, distribution, molecular diffusion in air and water, 

and effective diffusion. Other input parameters include environmental conditions such as 

evaporation, relative humidity, temperature, and material properties such as bulk density, 

moisture content, hydraulic conductivity, fraction or organic carbon, intrinsic permeability, and 

porosity. Characteristics of the residential and commercial buildings included area, volume, and 

air exchange rates. These parameters were assembled from a variety of site-specific data, RFP 

data, and literature values where appropriate. 

0 

Input parameters for the following COCs were compiled for the modeling: 

0 Carbon tetrachloride 
0 1 , l  -Dichloroethene 
0 Tetrachloroethene 
0 1 , 1 , 1 -Trichloroethane 

Three source concentrations scenarios were evaluated. These scenarios are as follows: 
0 

0 

0 

Sitewide: includes all wells at OU2. 
Source: includes only wells at IHSS 119.1. 
Sitewide without source: includes all wells at OU1 except wells at MSS 119.1. 

The 95 % UTL was used as the source concentration for each scenario for each COC. A listing 

of the 95% UTL concentration can be found in Appendix D. 

Find Phase III RFURI Report 
EG&G, Operable Unit Number 1 
eg&g\oul\rfi-ri\sec-5 .jun 

June 1994 
Page 5-5 1 



The Johnson model does not contain a temporal component and, therefore, considers a 

nondepleting source, projecting Concentration results as constant through time, or effectively 

approximating steady-state conditions. This approach produces a highly conservative building 

concentration for hypothetical future on-site receptors and yields one concentration value per 

COCs. 

As part of the modeling, a sensitivity analysis was completed to qualitatively examine model 

response to variability in the following input parameters: fraction of organic carbon, intrinsic 

permeability, porosity, building under-pressurization, volumetric moisture content, and soil bulk 

density. Carbon tetrachloride is most sensitive to fraction or organic carbon, moisture content, 

porosity, and dry density. The other COCs exhibited similar responses to the variation in input. 

The sensitivity of the model to these parameters can be attributed to the effective diffusion 

coefficient, which is the property principally responsible for volatization of an organic 

compound. For VOCs residing predominantly in the gas phase, the effective diffusion 

coefficient is proportional to the volumetric air content. Therefore, an increase in soil water 

content decreases volatilization flux over any time period (Jury et al., 1990). 

After completion of the sensitivity analysis, an uncertainty analysis was conducted for the 

parameters of porosity, moisture content, bulk density, and fraction of organic content for the 

COCs listed above. Latin hypercube sampling and simple random sampling techniques were 

used in the uncertainty analysis. Residential/commercial building concentrations derived using 

the Johnson model are given in Table 5-17. These results are steady-state (Le., a constant 

concentration source) and represent a conservative approximation of building concentrations. 

5.3.2.2 Groundwater Transport 

Predictive modeling of contaminant transport is frequently performed in order to estimate 

exposure point concentrations (EPCs) for use in evaluating the risk to future human receptors. 

In the case of OU1, the BRA uses measured concentrations as the basis for estimating EPCs. 

This was done to account for the fact that the extent of contamination, particularly in the areas 

of highest contamination (IHSS 119.1), is limited by the presence of the French Drain, which 
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appears to act as a hydraulic barrier within the UHSU based on available groundwater elevation 

@ data. 

Contaminant 

1 , 1 , 1-Trichloroethane 

Tetrachloroethane 

However, calculations were made to estimate the range of expected contaminant travel distances 

at IHSS 119.1 based on the contaminant and aquifer properties and the estimated date of release. 

This exercise was performed as a way to test the site conceptual model and representativeness 

of the parameters characterizing contaminant transport. 

Rf (20%) Rf (80%) 

6.0 16.1 

8.3 18.8 

Using retardation factors presented in Table 5-13 , hydraulic conductivities and hydraulic 

gradients specific to the area downgradient of MSS 119.1, the following calculations were 

performed. 

where: VC = Contaminant transport rate 
VS = Seepage velocity 
Rf = Retardation factors (from Table 5-13) 

vs = Ki/0 

where: K = Hydraulic conductivity 
1 = Hydraulic gradient 
0 = Effective porosity 

Rf values from Table 5-13 

Trichloroethene I 5.5 I 15.3 

19.9 I 9.1 I Carbon Tetrachloride 
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Aquifer Parameters Measured (or Calculated) for the area downgradient of IHSS 119.1. 

K = Hydraulic conductivity range: 2E-6 cm/sec (5.7E-3 feet/day) 
5E-4 cm/sec (1.4 feet/day) 

Contaminant 

I ,  1-Dichloroethene 

Tetrachloroethane 

Trichloroethene 

0 = Effective porosity: 0.10 

High Low 

Feet/Day 

0.56 0.0008 

0.27 0.0005 

0.0006 0.40 

i = Hydraulic gradient: 0.154 

Contaminant High 

The predicted V, range from 2.2 feet/day to 8.8E-3 feet/day using the range of K. 

Low 

The range of V, using the range of V, divided by the appropriate Rf (low Rf with high 
V,) gives the following ranges of V, for selected contaminants. 

Tetrachloroethane 

Trichloroethene 

Carbon Tetrachloride 

2465 4.6 

3652 5.5 

2191 3.7 

0.0004 I Carbon Tetrachloride 0.24 

Using an estimated release date of 1968 gives a 25-year travel time. Based on this 
assumption, the predicted range of travel distances are as follows: 

1.1-Dichloroethene I 5113 I 7.3 

The predicted travel distances range across three orders of magnitude. This is the result of the 

additive effects of using bounding values for each of several variables used in the equations. 

The observed travel distance downgradient of IHSS 119.1 (280 feet) falls within the predicted 

range although at the low end of the range. 
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The estimated vertical seepage velocity was also calculated to evaluate whether the presence of 

VOCs in the LHSU is explained by vertical migration. No retardation factors were used in this 

calculation as a conservative measure. The estimate of vertical seepage velocity is based on the 

same equation used to calculate horizontal seepage velocity: 

a 

v v s  = K,i/0 

where: VV* = Vertical seepage velocity 
KV = Vertical permeability from laboratory tests 
i = Vertical hydraulic gradient 
0 = Effective vertical porosity 

K, = Vertical permeability ranges: 7.8E-5 cm/sec (0.22E-4 feet/day) 
to 

4.2E-9 cm/sec (1.2E-5 feet day) 

i = Vertical hydraulic gradient: 0.92 feet/foot 

0 = 0.1 

Range of V,, = 0.04 feet/yr to 730 feet/yr 

Assuming at 1968 release the range of travel distance is: 1.0 foot to 18,250 feet 

The vertical velocity based on the highest hydraulic conductivity (7.8E-5 cm/sec) is not 

considered a plausible value for the entire vertical section. Seven of the nine values for bedrock 

(UHSU and LHSU) are in the range lo-* to cm/sec. Therefore, a more plausible maximum 

travel distance calculated for a hydraulic conductivity of 9.5E-8 cm/sec (third highest rate) is 

23 feet over 25 years. This migration distances does not account for the presence of VOC 

contamination in the LHSU as resulting from vertical transport from the UHSU. It is possible 

the VOC contamination in the LHSU is due to cross-contamination during drilling or casing 

leakage, although the latter has been seemingly ruled out based on the pH of the LHSU 

groundwater (refer to Section 4.7) 

It is important to note that the above calculation assumed saturated conditions through the 

vertical section, which may not be the actual condition. Other uncertainties regarding the 

accuracy of the vertical migration estimate include the influence of retardation effects. 
0 
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A similar calculation was performed to predict metal contaminant migration rates in the 

horizontal and vertical direction. Migration rates were calculated for selenium only as little 

information is available regarding vanadium distribution coefficients (EPRI, 1984). Detailed 

calculations and assumptions used are presented in Appendix B6. 

The computation involved using published values for selenium distribution coefficients, applied 

with site-specific data (IHSS 119.1 vicinity) on physical properties of the aquifer medium to 

determine a retardation factor, R. The retardation factor incorporates ion exchange and 

adsorption to aquifer solids. predicted migration rates in the horizontal direction range from 

0.12 feetlday to 0.0003 feetlday. Assuming a contaminant release in 1968, the range of 

predicted migration distances is 3 feet to 1,096 feet. The observed migration distance for 

selenium at IHSS 119.1, assuming a release point near well 4387 (Figure 4-24), is approximately 

125 feet, which is within the predicted range. 

Using the same retardation factor, the predicted vertical migration rate ranges from 0.11 

feet/day to 3.7E-6 feet/day. This is equivalent to a predicted migration distance of 1,004 feet 

to 0.033 feet. The high end migration distance of 1,004 feet is based on the highest measured 

hydraulic conductivity of 7.8E-5 cm/sec. This is not considered a plausible value for the entire 

vertical section as seven out of nine measured permeability values were in the range of lo-* to 

cmlsec. Therefore, a more plausible maximum migration distance calculated, using the 

third highest measured hydraulic conductivity of 9.5E-8 cm/sec, is 0.2 feet/25 years. This result 

suggests the selenium in the LHSU may be naturally occurring, which is discussed further in 

Appendix D. 

5.3.2.3 Atmospheric Emissions and Transport 

Air modeling was performed to provide estimates of emissions, dispersion, and deposition of 

contaminants, including SVOCs and RADS, present in OU1 surface soils. The scope of the 

atmospheric transport modeling included modeling both near-field (on-site) and far-field (off-site) 

scenarios. Far-field models are more complex and include most of the requirements of near- 

field models, with the addition of transport, dispersion, and deposition of contaminants. 
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In summary, the air modeling used the MILDOS-AREA code (Yuan et al., 1989) to model 

particulate emissions from the source, transport in air, and deposition at receptor locations for 

contaminants originating at OU1. This model can be used to determine the amount of 

contaminants released and the contaminant concentrations at the receptor location, rather than 

actual receptor doses. The MILDOS-AREA code was not used to compute the actual point 

concentrations of individual contaminants. Rather, the code was used to derive unit 

concentration factors at receptor locations based on unit concentrations in soil at the source. 

Once concentrations at the receptor locations were calculated, near-field models were then 

applied. Attachment F-2 includes assumptions for and limitations of the modeling 

methodologies, a discussion of the application, a summary of the model parameter input, and 

the computational framework. 

The results of the MILDOS-AREA simulation run were used to convert soil contaminant 

concentrations at OU1 into contaminant concentrations at receptor locations. The far-field model 

was used to estimate the total annual emission of contaminants per unit contaminant 

concentration in soil at OU1. 

Table 5-18 presents the relative concentrations computed by MILDOS-AREA based on a 1 pCi/g 

uranium-238 concentration in soil at OU1. These results were used to convert contaminant soil 

concentrations at OU1 into contaminant concentrations at the receptor locations. The MILDOS- 

AREA model was also used to estimate the total annual emission of contaminants per unit 

contaminant concentration in soil at OUl . An annual emission rate of 1.46 E-04 Ci/yr per pCi/g 

was computed by MILDOS-AREA and used as input to the near-field model. 
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SECTION 6 

BASELINE RISK ASSESSMENT 

Section 6 summarizes the EE and the PHE and determines the overall risk to both the 

environment and human health from potentially toxic contaminants present at OU1. Both 

evaluations use data collected through the Phase 111 RFI/RI conducted at OU1 during 1991 

through spring 1992. Section 6.1 provides a brief overview of the specifk requirements of each 

evaluation process at OU1. Section 6.2 summarizes the EE, and Section 6.3 focuses on the PHE 

conducted at OU1. A summary of these risk evaluations is presented in Section 6.4 

6.1 SIMILARITIES AND DIFFERENCES OF THE EE AND THE PHE 

The PHE and EE are integral components of the OU1 BRA. Both consider the OU1 conceptual 

model of site conditions, contaminants, and exposure pathways with respect to determining risk 

to potentially exposed populations. However, there are procedural differences in evaluating the 

data against the site conceptual model. These are discussed in general below. 

Human health risk assessment and environmental risk assessment are procedurally different, but 

they share common information needs for chemical sampling and environmental data. Data 

requirements on stressors (any physical, chemical, or biological entity that can induce an adverse 

effect) will vary from site to site for the PHE and EE reports. These data are used to provide 

an analysis of baseline risks and help determine the need for possible remedial action at sites 

within the OU1 study area. The ecological risk assessment for the OU1 EEi differs distinctively 

from the PHE in its emphasis in five areas: 

0 Ecological risk assessment considers effects beyond those on individuals of a 
single species (e.g., Homo sapiens) and examines impacts at population, 
community, or ecosystem levels. 

a No single set of ecological values can be generally applied for the EE. The 
values (e.g., level of acceptable diversity) are selected from a number of 
possibilities based on both scientific and policy considerations. 
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e Only chemical stressors that are bioavailable need to be considered for the EE, 
thus COCs will be different. 

a Only noncarcinogenic stressors are assessed in the EE, thus the COCs will be 
different. 

e The PHE study area includes the 881 Hillside Area and neighboring community 
residents outside the RFP boundary, while the EE study area includes portions of 
Woman Creek and its tributaries. 

Flexibility is important in designing both public health and ecological risk assessments. Unique 

models or methods play an ever increasing role in attempts to determine the effects of 

contaminants in the ecosystem. Knowledge of toxicology and ecology are combined to assess 

variation in both natural and anthropogenic sources of stress in the ecosystem of which humans 

and wildlife coexist. Ecological impacts can cause loss of habitat and thereby loss of species. 

Loss of wildlife species is a yardstick of overall environmental quality-a common threat to 

humans. 

6.2 ENVIRONMENTAL EVALUATION 

This section summarizes the purpose and scope, approach, and results of the OU1 EE. A 

detailed description of site ecology, methods used in the investigation, and results are presented 

in Appendix E, Environmental Evaluation Report. 

6.2.1 Purpose and Scope 

Protection of the environment is mandated by RCRA, CERCLA (as amended by the Superfund 

Amendments and Reauthorization Act [SARA] of 1986), and other federal regulations governing 

the assessment and remediation of hazardous waste sites. Since 1986, EPA has issued guidance 

on assessing environmental risks to human health from the release of hazardous chemicals. EPA 

began to emphasize assessment of ecological risk in the investigation of hazardous waste sites 

in 1988 (EPA, 1989a, c; 1992e). The role of the EE in the BRA was established in 1989 with 

the publication of guidance on conducting ecological risk assessments (EPA, 1989a). The 
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purpose of the FiE is to assess the risk of adverse impacts to ecological receptors and sensitive 

ecosystems from contamination at hazardous waste sites. 

The OU1 EE was implemented according to the Final Phase III RFI/RI Environmental 

Evaluation Work Plan (EEW) (DOE, 1991~). The EEW was prepared in accordance with 

EPA’s Guidance for Conducting Remedial Investigatiom and Feasibility Studies Under CERcz4 

(EPA, 1988a), Risk Assessment Guidance for Superfhnd Volume 11: Environmental Evaluation 

Manual (EPA, 1989a), and Ecological Assessments at Hazardous Waste Sites: A Field and 

Laboratory Reference Document (EPA, 1989~). Although the Natural Resource Damage 

Assessment (NRDA) process has not been initiated at Rocky Flats, the EEW was also prepared 

to be as consistent as possible with its requirements. Data analysis and report preparation also 

followed more recent EPA guidance in Framework for Ecological Risk Assessment (EPA, 1992e). 

The overall goals of the OU1 EE were to ascertain whether contamination resulting from RFP 
activities in Building 881 and adjacent areas may have impacted or could adversely impact 

ecological receptors in the immediate vicinity. Ecological receptors are operationally defined 

as plants and animals other than humans and domesticated species (EPA, 1989a). The approach 

adopted for the OU1 EE addresses possible effects of contamination at multiple levels of 

biological organization, including populations, communities, and the ecosystem. Data from 

Phase I, II, and III RFI/RI activities were used to evaluate the distribution and concentration of 

suspected contaminants in abiotic media. Prior to this EE, no ecological or toxicological 

investigations had been conducted at OU1. Therefore, all of the toxicological and ecological 

data used were collected during the EE or other elements of the Phase III RFI/RI. 

As an interim remedial action, a French Drain was installed to intercept and collect contaminated 

groundwater for subsequent treatment. Most of the ecological and toxicological data were 

collected before the French Drain was installed. Installation of the French Drain had significant 

impact on the structure of the ecological community at OU1. The results presented in this EE 

report address impacts and potential hazards due to conditions that existed before installation of 

the French Drain. Results of the OU1 EE will be used to assess the potential environmental 

impact of further remedial action at OU1 and to ensure that the remedial action protects the 

environment. 
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Implementation of the OU1 EE followed the ten-task model outlined in the EEW (DOE, 1991~). 

Tasks 1 and 2 include evaluation of existing data and initial site visits to determine COCs; 
potential ecological receptors; and ecological, toxicological, and chemical endpoints to be 

considered in developing the fmal field sampling plan (FSP). These tasks were largely 

completed as a result of preparation of the EEW and the OU1 FSP (DOE, 199lj). The Task 

3 ecological field investigations were performed according to the FSP and were conducted during 

the period of May 1991 through February 1992. Tasks 4 through 9 included ecological impact 

assessment, characterization of COC toxicity, and estimation of exposure to COCs. These tasks 

entailed analysis of ecological field data, laboratory data on chemical concentrations in biotic 

tissues and abiotic media, and the available scientific literature. Task 10 was the preparation 

of this EE report. 

Visual inspection of the OU1 area prior to the field investigation in 1991 revealed no areas of 

obvious ecological stress in IHSSs or downgradient areas upon which to focus the investigation 

(EPA, 1989~). Because there was an apparent contaminant source, but no known effects or 

exposures, the motivation for the OU1 EE was "source-driven'' (Suter, 1993). In addition, the 

potential stressors, the chemical contaminants in the IHSSs, were not definitively known prior 

to the investigation of abiotic media associated with the Phase III RFI/RI, although preliminary 

data from the Phase I and II RFI/RI were used to identify several potential contaminants and 

target analytes for tissue analysis. As a result of schedule constraints arising from requirements 

by the IAG, the field investigation associated with the OU1 EE was to be completed before 

results of Phase III abiotic investigations were available and a definitive list of chemical stressors 

could be identified. Thus, the OU1 EE adopted an approach in which general indicators of 

ecological stress were evaluated and a broad spectrum of potential tissue contaminants were 

analyzed. 

COCs were identified from the list of site contaminants generated from analysis for nature and 

extent of contamination in abiotic media. COCs were then selected using criteria developed by 

EG&G, DOE, EPA, and CDH. A toxicity assessment was conducted to evaluate the potential 

ecotoxicity of the COCs at OU1 and to develop benchmark toxicity values for comparison to 

exposure point concentrations. COCs were selected based on comparison of benchmark values 

to maximum concentrations detected in abiotic media at OU1. Chemicals with maximum 

Final Pbasc III RFYRI Repolt 
EG&G, Operable Unit Number 1 
eg&g\oul\rfi-ri\scc-6.jun 

June 1994 
Page 6-4 



concentrations exceeding benchmark values were included in the COCs. The COCs included 

selenium; the RADS plutonium, americium, and uranium; several volatile organic compounds, 

including chlorinated solvents and toluene; PAHs; and PCBs. 

Concentrations of COCs in abiotic media and in biotic tissue were used to estimate exposure of 

key ecological receptors to COCs. In some cases models were used to extrapolate from COC 

concentrations in abiotic media or tissue samples to exposure of upper-level consumers in the 

local food web. Data on COC concentrations in abiotic and biological tissue samples were used 

with Latin hypercube sampling to simulate exposures to site receptors and estimate the 

probabilities of adverse effects (Bartell et al., 1992). In all cases, estimation of exposure 

adopted a screening-level approach employing conservative models and assumptions so that the 

chance of underestimating exposure and risk was minimized, but a degree of accuracy was 

retained (Kirchner, 1993; Suter, 1993). The screening models used were of low complexity and 

aggregated data from exposure units appropriate to the individual receptors. The results of the 

exposure assessment were integrated with results of population- and community-level 

measurements to evaluate current impacts and risk of impacts. 

Assessment endpoints are formal expressions of the ecological resources to be protected. 

Characteristics of assessment endpoints should include relative importance in the local biological 

system and societal recognition as important ecological resources (Suter, 1990, 1993). 

Identification of assessment endpoints is necessary to focus the resources of an investigation on 

a few valued parameters and avoid analysis of unnecessarily diffuse and unrelated factors in the 

environment. Because the nature and extent of contamination were so poorly known prior to 

fieldwork, the collection of ecological data at OU1 focused on assessment endpoints, such as 

community composition and structure, that are general indicators of environmental stress. 

Identification of chemical stressors allowed analysis associated with the exposure assessment and 

risk characterization to focus on assessment endpoints relevant to the potential ecotoxicity of the 

COCs. For example, the potential exposure of top avian and mammalian predators was assessed 

for COCs known to biomagnify. The study evaluated the following endpoints: 

VePetation Communitv - Soil and groundwater contamination can result in direct 
exposure of vegetation to contaminants. Presence of phytotoxic levels of 
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contaminants at OU1 could alter the composition and structure of the vegetation 
community at OU1 and result in decreased wildlife habitat quality. The composition 
and structure of the vegetation community at OU1 was assessed using a variety of 
measured variables. The endpoint evaluated was a vegetation cover, production 
richness, and diversity in the study area in comparison to analyses to reference area 
communities in unimpacted portions of the plant site. The assessment also included 
the likelihood of adverse impacts from potentially toxic exposures at OU1. 

Small Mammal Communitv - Small mammals may be exposed to contaminants 
through ingestion of contaminated vegetation or prey or through direct contact with 
contaminated media. Mice and voles are sigmfkant components of total biomass in 
most grassland ecosystems and are important primary and secondary consumers. 
They can also be a conduit for transfer of contaminants to upper-level consumers. 
In addition, the home range of most species of mice and voles is small enough that 
they probably spend all or most of their lives in the OU1 area. A potential decrease 
in the prey base or potential toxicity of prey due to bioaccumulation has clear 
relevance to the welfare of top predators. Local population densities were assessed 
with respect to areas of similar habitat on the plant site. In addition, the exposures 
of small mammals to site contaminants were estimated and the potential toxicity was 
evaluated. The probability of exceeding toxic thresholds was evaluated using tissue 
concentrations and/or models for ingestion, inhalation, and bioaccumulation 
pathways. 

Mule Deer PoDulation - A substantial resident mule deer population exists at 
Rocky Flats, and mule deer are known to use areas adjacent to and downgradient of 
OU1. Mule deer are large, conspicuous mammals, and the health and vigor of the 
population is a societal indicator of ecological health. The potential exposure of 
mule deer to site contaminants in vegetation, soil, and surface water was evaluated 
for potential toxicity. 

Toxic ExDosure to TOR Predators - The coyote, red-tailed hawk, and great horned 
owl are important predators at Rocky Flats, and their welfare has clear societal 
relevance. These species could potentially forage in the OU1 area and thus become 
exposed to any contaminants that have bioaccumulated in their prey. Potential 
exposures to these species were estimated from results of abiotic and biotic 
investigations. The probability of exceeding toxic thresholds was estimated using 
models to extrapolate exposure concentrations from exposure points. 
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6.2.2 Evaluation of Assessment EndDoints 

6.2.2.1 Vegetation 

The concentrations of COCs in soils at OU1 did not appear to represent a risk to vegetation (see 

Sections E4 and E5). However, concentrations of VOCs in groundwater were potentially toxic 

(Hulzebos et al., 1993). Ecological effects criteria were derived from available toxicity 

information (Table 6-1). Monitoring well data were used to identlfy areas of OU1 where 

groundwater concentrations exceeded critical levels for toxicity to plants. Two areas that 

exceeded ecological effects criteria for carbon tetrachloride, TCA, TCE, DCE, and PCE were 

identified in IHSS 119.1 (Figure 6-1). The identified sections of MSS 119.1 represent 0.04 

percent of the OU1 ecological study area (Figure 6-1). 

Vegetation in the OU1 IHSS area was dominated by mesic grassland and reclaimed grassland 

(Figure 6-2), with a small inclusion of xeric grassland in IHSS 130 (Figure 6-2). The areas 

identified for potential toxic effects to vegetation are included in the reclaimed grassland type. 

Because some of the OU1 area was apparently seeded with introduced species, it could not be 

compared to native grassland in the reference area. However, as noted above, no stress was 

apparent in the IHSS areas of OU1, suggesting a lack of impact to vegetation in this area. 

Overall data for the mesic grassland habitat type in OU1 indicate minimal differences compared 

to the same habitat type in the reference area (Tables 6-2, 6-3, and 6-4). 

The xeric grassland habitat in OU1 was of generally poor quality compared to the reference 

area. OU1 xeric grassland was located in the area of IHSSs 130 and IHSS 104. The exposure 

assessment did not reveal predicted toxicity of groundwater in this area. This area partially 

coincides with an area identified as having PAH levels that exceed ecological effects criteria for 

dermal exposure to mammals (Figure 6-3). However, available data suggest that PAHs are 

relatively non-toxic to plants in dry soil conditions. Although the xeric grassland habitat type 

covers extensive areas of Rocky Flats (refer to Section E2 of Appendix E, and DOE, 1992a), 

it is a very minor component of OU1. The small area of xeric grassland in OU1 does not 

appear to be an important refuge for vegetation or wildlife species requiring this habitat type. ' 
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There is also evidence of extensive physical disturbance in the area, which may have 

contributed to the weedy nature of the species composition there. 

The vegetation community in the reclaimed grassland is of relatively low diversity and relatively 

dissimilar to the native grasslands. However, its presence is apparently not due to contamination 

in the area because the mesic mixed grassland type is a major vegetation component in the OU1 

IHSS area. Rather, it appears that the area was reseeded following removal of waste materials. 

The grass species used to reseed most of the area, smooth brome, is a hearty introduced species 

that generally outcompetes native grasses and forbs, thus remaining as a near-monoculture for 

several years after seeding. Habitat quality for small mammals did not appear to be adversely 

affected by either the presence of contaminants or the absence of native grasses. The reclaimed 

areas of OU1 supported a higher density of voles and deer mice than the native mesic grassland 

in either the study or reference areas (Table 6-5). In addition, a species of special concern, 

Preble’s jumping mouse, was identified from this habitat type (Table 6-5). 

6.2.2.2 SmaII Mammals 

Small mammals were identified as an assessment endpoint because they are important 

components of the local food web, are found in a wide range of environmental conditions, and 

have home ranges such that individuals found in OU1 probably spend most or all of their lives 

there. In addition, data on presence and abundance and tissue samples can be collected 

relatively easily. 

Exposure of small mammals to COCs was assessed using a variety of methods (refer to Sections 

E4 and E5, Appendix E). Dermal and respiratory exposure to contaminants in subsurface soil 

was assessed because young are reared in burrows and spend long periods of time in constant 

contact with subsurface soils. The rate of ingestion of COG during consumption of vegetation 

or arthropod prey was estimated and compared to potentially toxic levels. Radiation dose rates 

were calculated using tissue concentrations measured in samples. Potential bioaccumulation of 

PCBs was also assessed, although concentrations were not measured in tissue samples collected 

from the site. 
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No significant toxicity was indicated by tissue concentrations, ingestion rates, or potential 

bioaccumulation of COCs at OU1. The concentration of some PAHs exceeded the ecological 

effects criterion for dermal exposure at two sample locations, which represents about 0.3 percent 

of the OU1 ecological study area (Figure 6-3). Respiratory hazards were restricted to toluene 

concentrations in subsurface soils, which represents about 2 percent of the OU1 area. PCB 

concentrations in soils exceeded the critical soil concentrations at three sampling sites, which 

represents approximately 2 percent of the OU1 ecological study area (Figure 6-4). The home 

range of a deer mouse is typically no more than 1 to 2 hectares. Thus, areas in which soil 

contaminant concentrations exceed effects criteria could represent exposure to relatively few 

individuals. 

Deer mice and voles were generally more abundant in the native community types in the 

reference area than the study area (Tables 6-5 and 6-6). However, both species were more 

abundant in the reclaimed sections of OU1 than in any of the native grassland habitats. 

One indicator of small mammal habitat quality seems to be the presence of Preble’s jumping 

mouse in OU1. This species is listed as a Category 2 species in Colorado, meaning that it is 

under consideration for listing as a threatened [sublspecies in the state. Rocky Flats is at the 

western edge of its natural range; it is most common in Nebraska and Kansas. Habitat 

requirements of this species include intact riparian corridors such as Woman Creek. Preble’s 

jumping mice were captured in small numbers along Woman Creek in 1991, including one from 

ou1. 

6.2.2.3 Mule Deer 

Evaluation of the potential for toxic exposures of mule deer to site contaminants was included 

in the assessment endpoints because the deer are an important primary consumer in the grassland 

ecosystems at Rocky Flats and because a healthy deer herd is recognized as a sign of a relatively 

healthy environment. Mule deer have been observed using areas downgradient of OU1 and 

could potentially be exposed to site contaminants through ingestion of vegetation, surface water, 

and soils. 
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Exposure of mule deer to selenium and RADS in food, water, and soil was assessed using the 

concentrations measured in samples collected from OU1. Ingestion of PCBs and PAHs were 

assessed using the same approach as noted for small mammals. Results of simulation modeling 

indicate that there is very little chance that the rate at which site contaminants are ingested could 

lead to toxic effects (Table 6-7 and Figure 6-5). These low ingestion rate estimations are due 

in part to the large home range that mule deer normally use and the relatively low levels of 

contamination at OU1. Mule deer could also be subject to dermal exposure to PAHs in surface 

soils if they were to lie down in contaminated areas. However, the areas of highest PAH 

concentrations are located in an area of high vehicle ttaffic and other human activity. The area 

is also highly disturbed and on a steep hillside. Thus, deer are unlikely to use these sites as 

bedding areas. 

Quantitative data on mule deer abundance were not used for comparisons of OU1 with the 

reference area for two reasons. First, habitat differences not related to contamination would 

make such comparisons difficult to interpret. Second, deer have very large home ranges, and 

thus, may not be good indicators of conditions within a specific area such as OU1. However, 

qualitative assessments indicated that mule deer are unlikely to have been adversely impacted 

by OU1 contaminants. Upland habitats in both OU1 and the reference area are of limited quality 

for deer because of the near-absence of shrubs for food or cover. In contrast, the riparian 

habitat along Woman Creek, including the reach near OU1, is suitable for deer because of the 

combination of lush vegetation, water, and tall shrubs or trees for thermal and hiding cover. 

Deer were regularly observed along Woman Creek and adjacent hillsides and appeared to be 

healthy and to be reproducing normally. 

6.2.2.4 Predators 

The potential for toxic exposures to species representing the top predators in the Rocky Flats 

food web were included in the assessment endpoints because of the tendency for some site 

contaminants to bioaccumulate. Predators were also included because they are generally 

recognized as sensitive ecological receptors. The coyote, red-tailed hawk, great homed owl, and 

bald eagle were assessed for ingestion of contaminants with their prey and the potential 

accumulation of contaminants in tissue. 
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Ingestion of selenium and RADS was assessed using site data on tissue concentrations in small 

mammals. PAH and PCB ingestion was assessed assuming that small mammal tissue contained 

concentrations equal to soil levels. Potential bioaccumulation was also assessed. The probability 

of exceeding any of the critical ingestion rates was low or negligible for most of the predators 

and COCs (Figure 6-6). The highest probability, approximately 13 percent, was associated with 

ingestion of selenium by great homed owls. This resulted from the fact that the owl was 

assumed to feed entirely on mice and voles from the OU1 area because it normally hunts within 

0.5 km of its nest or roost. However, as noted in Section E6, the concentration of selenium in 

mice and voles from OU1 was not higher than those from the reference areas. Therefore, it 

would seem that the owls have the same chance for selenium poisoning in unimpacted areas of 

Rocky Flats. 

Like birds of prey, coyotes are generally long-lived and over their lifetimes could potentially be 
exposed to a large mass of contaminants. Additionally, they are capable of consuming larger 

prey than raptors, including young or miscarried deer and smaller predators such as red foxes. 

Qualitative surveys indicated that coyotes were common along the Woman Creek corridor, and 

they almost certainly preyed to some extent on animals (and vegetation, especially fruits) within 

OU1. The habitat within OU1 did not appear to be of significantly lower quality than the 

reference area, except for the greater cover by shrubs and topographic relief associated with 

Rock Creek. The generally lower cover and richness of the study area habitats were not 

reflected in dramatically lower small mammal abundances, except for the weedy and depauperate 

xeric grassland habitat type (Tables 6-8 and 6-9). 

The relatively modest differences in small mammal abundancesalso bear on habitat quality for 

red-tailed hawks and great homed owls. In prairie environments, these species may be limited 

by the availability of suitable nest sites, particularly trees, cliffs, or (in the case of the owl) 

abandoned buildings. Both red-tailed hawks and great homed owls were frequently observed 

along the Woman Creek riparian corridor near OU1, although neither is confirmed to have 

nested in the immediate vicinity, possibly because of the high level of human activity. Dietary 

habits of these large raptors are mostly associated with temporal niche partitioning, Le., hawks 

feed during the day, and owls feed during the night. Thus, hawks consume a larger proportion 

of diurnal prey, including snakes (which are predators). Owls may consume larger prey, 
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including rabbits (which live longer than mice) and small predators such as fox or coyote pups 

and feral cats. 

The ability of owls to meet their dietary need with a smal5t.r home range than hawks is 

attributable primarily to the fact that nocturnal hunting coincides with the period of greatest 

activity by small mammals. In addition to having larger hunting territories, hawks are migratory 

and consume only a portion of their annual food intake in a given area. In contrast, great 

horned owls are nonmigratory. As with coyotes, any differences in habitat quality for red-tailed 

hawks and great homed owls between the study area and reference area are related primarily to 

physical habitat characteristics and not to contaminant effects on their individual health or on 

their prey base. 

6.2.2.5 Aquatic Life 

Sediments of the SID contain the PAH phenanthrene and PCBs at concentrations that exceed 

Sediment Quality Criteria (SQC). As noted previously, the SID was constructed for the purpose 

of intercepting shallow groundwater flow and surface runoff from the MSSs. The aquatic 

habitat in the SID is of poor quality due to irregular flows and heavy siltation. Some temporary 

pools within the SID support aquatic invertebrates, but the habitat quality of these sites is limited 

by the lack of permanent water and low structural diversity. 

Sediment. ?f Woman Creek were not sampled for the Phase III RFI/RI. However, water quality 

in Womi The benthic community at sites 

downgraamt of OU1 e-? more diverse and consist of more tolerant taxa than upstream sites, 

primarily because of greater and more persistent flows. 

Greek and Pond C-1 is consistently good. 

6.2.2.6 General Habitat Quality 

As may be inferred from previous discussions, the habitat quality of OU1 comprises two distinct 

components: upland habitats and the Woman Creek riparian corridor. Native upland habitats 

(mixed grassland and xeric grassland) were generally of lower quality than the reference area 

in terms of cover, richness, and diversity. OU1 native grassland was somewhat weedy in 
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character, perhaps because of its proximity to the industrial area or prior physical disturbance. 

Data did not suggest that differences were results of contamination. Other upland communities 

included reclaimed grassland and disturbed land. Although not desirable in terms of vegetation, 

both of these habitat types supported substantial use by small mammals. These two types almost 

certainly reflect the influence of prior disturbance; some of it is partially rehabilitated (reclaimed 

grassland) and some of it is not (disturbed land). 

In contrast to the upland habitats, lowland types (marshland and riparian woodland) within OU1 

were not of obviously poorer quality. Indeed, in terms of size and number of trees, the Woman 

Creek riparian zone was relatively well developed for a stream of its size. The lack of grazing 

for a prolonged period has resulted in significant reproduction of cottonwoods and willows and 

prevented trampling of the herbaceous understory. Use of the Woman Creek riparian zone by 

Preble’s jumping mice, birds of prey, and mule deer is an obvious indicator of its value within 

the Rocky Flats prairie environment. Less obvious, but equally important ecologically, is the 

fact that the numerous mature trees attract a variety of small birds that would not occur 

otherwise. The same is true for shrubby and herbaceous (caWbulrush) wetlands in more open 

stretches of the creek. The SID does not offer such an important habitat because of its very 

narrow nature and the irregular flow of water. The new wetland area created as part of the 

French Drain IRA will increase the area of marshland habitat after it has become established and 

is expected to attract some species of wetland songbirds and small mammals that currently are 

restricted to areas along the creek and ponds. 

6.3 PUBLIC HEALTH EVALUATION 

This section summarizes the purpose and scope, approach, and results of the OU1 PHE. A 

detailed description of the exposure and toxicity assessments, risk characterizations, methods 

used in the investigation, and the results are presented in Appendix F, Public Health Evaluation. 

6.3.1 Pumse and ScoDe 

This study developed a quantitative description and assessment of the risk to the public health 

posed by the COCs at OU1. Potential COCs are identified along with applicable scenarios that 
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link the COCs to potentially exposed populations. Estimated incremental risks presented by the 

COCs to which the populations are exposed are then compared to EPA guidance. Finally, the 

uncertainty analysis formalizes and quantifies the conclusions drawn regarding the risk of the 

identified COCs. 

The purpose of the OU1 PHE is to develop a quantitative description and assessment of the risk 

to the public posed by the COCs at OU1. This PHE is incorporated in its entirety as part of the 

BRA for OU1. The resulting analysis of the human health risks posed by OU1 responds to and 

fulfills Attachment 2,  Section W . D  Interagency Agreement requiring an analysis acceptable to 

both EPA and CDH. Pursuant to this requirement, the method of evaluation is taken from the 

EPA RAGS (EPA, 1989b). 

6.3.2 ADproach 

Identification of COCs involves identifying those contaminants that potentially represent the most 

toxic contaminants at the site based on environmental fate chamcteristics, toxicity, and the 

concentration of contaminants present at a site. Figure 6-7 illustrates the contaminant 

identification process applied for the Phase III RFI/RI through PHE COC identification. The 

goal is to identify those OU1 contaminants that present the most significant risk to current and 

future populations given the OU1 exposure scenarios and pathways. 

Generally, each step in the COC identification process represents a screening criterion which, 

after evaluation, retains or eliminates a specific contaminant for consideration in the PHE. For 

the OU1 contaminants, the process is initiated using the envGonmental data aggregated for use 

in the Phase III RFI/RI for groundwater, subsurface soils, and surface soils within the OU 

boundaries. The PHE COC identification focuses on these media because each is observed 

within the OU1 IHSS areas, representing the actual physical characteristics of the contaminated 

portions of the site. As a result, the contaminants identitied in these media are considered to 

be representative of the primary contaminant sources at OU1. 

As illustrated in Figure 6-7, after consultation with the EPA and CDH a specific contaminant 

brought into the PHE COC identification process is either a site contaminant identified via the 
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RFI/RI process or a potential anomaly. The process is applied on a medium-specific basis (i.e., 

groundwater, subsurface soil, surface soil) and accommodates the contaminants as follows: e 
Contaminants identified by the RFI/RI process are evaluated using medium- 
specific concentration-toxicity screens. The screens are conducted independently 
for carcinogens and noncarcinogens. The results of the independent 
concentration-toxicity screens are then combined for each medium to form the 
COC list for that medium. 

Contaminants with a low frequency of detection are evaluated using an RBC 
screen. This screen ensures that anomalous contaminants eliminated by the RI 
process because of infrequent or unexplained detection in OU1 media are not 
overlooked if they are measured at concentrations that could pose a significant 
risk. 

Application of the screening process shown on Figure 6-7 yields 20 OU1 COCs; these COCs 

are shown on Table 6-9. 

The OU1 physical environment, including the French Drain and treatment system, was used with 

information about the potentially exposed population, land use scenarios, and exposure pathways 

to form the conceptual site model shown in Figure 6-8. This is evaluated to identify complete 

pathways for credible and plausible exposure scenarios. The following describes the specific 

land use scenarios and pathways selected with the conceptual site model for quantitative 

assessment: 

Current Off-Site Resident 
- Inhalation of airborne particulates 
- Soil ingestion (following deposition of particulates on residential soil) 

Dermal contact with soil (following airborne deposition of Particulates) 
Ingestion of homegrown vegetabledfruit (following surface deposition and 

- 
- 

uptake of particulates) 

Current On-Site Worker 
- Inhalation of airborne particulates 
- Soil ingestion 
- Dermal contact with soil 
- Sediment ingestion 
- Dermal contact with sediment 
- Surface water ingestion 
- Dermal contact with surface water 
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Future On-Site Worker 
- Inhalation of VOCs in indoor air (office worker only) and outdoor air 

(construction worker only) 
- Inhalation of airborne particulates 
- Soil ingestion 
- Dermal contact with soil 
- Sediment ingestion (office worker only) 

Dermal contact with sediment (office worker only) 
Surface water ingestion (office worker only) 
Dermal contact with surface water (office worker only) 

- 
- 
- 

Future On-Site Ecological Researcher 
- Inhalation of airborne particulates 
- Soil ingestion 
- Dermal contact with soil 
- Sediment ingestion 
- Dermal contact with sediment 
- Surface water ingestion 

Dermal contact with surface water 

Future On-Site Resident 
- Inhalation of indoor VOCs from basement vapor 
- Inhalation of particulates 
- Soil ingestion 
- Dermal contact with soil 
- Sediment ingestion 
- Dermal contact with sediment 
- Surface water ingestion 
- Dermal contact with surface water 

particulates and uptake) 
- Ingestion of homegrown vegetabledfruit (following surface deposition of 

In addition, four special cases of the on-site residential scenario have been included to show the 

impact of the use of groundwater and to evaluate risk at the source. The fust case includes use 

of groundwater for an OU1-wide area. The second and third cases include the use of 

groundwater at the source and exposure to elevated concentrations of RADS in surface soil at 

the source (Le., hot spots). As indicated by Attachment F-1, Appendix F, OU1 Domestic Water 

Supply Simulations, the yield of contaminated groundwater in IHSS 119.1 is inadequate to 

support a household of four people. However, to meet the direct ingestion requirements of 

RCRA, the second case residential scenario assumes that adequate well water supply exists. For 

comparison, the third case assumes that the inadequate well water capacity is used and 

supplemented with water from a public supply. A fourth use was also included to show the risk 
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with the source(@ (groundwater VOCs and surface soil RAD hot spots) removed. In summary, 

the special case scenarios are: 

Future On-Site Resident (Sitewide with Groundwater) 

Future On-Site Resident (Assuming Adequate Groundwater at Source) 

Future On-Site Resident (Groundwater at Source with Public Water) 

Future On-site Resident Scenario without Source (without Groundwater/without 
Source). 

The special case scenarios involving residential groundwater use involve the same pathways as 

the on-site residential scenario with the addition o f  

Groundwater Ingestion 

Dermal Contact with Groundwater 

Inhalation of VOCs from Indoor Water Use 

A summary of potentially complete exposure pathways that are quantitatively evaluated for all 

receptors in the baseline human health risk assessment is provided in Table 6-10. 

Exposure point concentrations for each receptor are estimated through the use of fate and 

transport models or from summary statistics of the data. Modeling is used to study the 

migration of VOCs from groundwater through soil into a hypothetical future structure, and to 

simulate air dispersion, deposition, and plant uptake of con&inants. 

Receptor intakes are estimated with methods consistent with RAGS @PA, 1989b). The 

exposure parameter values used are identifed in various EPA documents or published literature. 

Intake estimates are presented for each receptor by contaminant for each applicable pathway. 

Toxicity constants for all contaminants, except for PAHs, were taken directly from the IRIS and 

HEAST (EPA, 1993a,b). PAH toxicity constants are based on relative potency factors using 

the slope factor of benzo(a)pyrene. 

Final Phase Dl RFLRI Rcport 
EG&G, Operable Unit Number 1 
eg&g\oul\rft-ri\sec-6.j~m 

June 1994 
Page 6-17 



The results of the exposure and toxicity assessments are combined to provide reasonable 

maximum exposure (RME) risk estimates and to facilitate uncertainty analysis. A Monte Carlo 

simulation, used with exposure parameter distributions derived from EPA documents, illustrates 

the magnitude of uncertainty for the risk-predominant pathway. Specifically, the Monte Carlo 

simulations have been run for inhalation of 1 , 1-dichloroethene volatilizing through the foundation 

of a hypothetical on-site residence, and ingestion of groundwater contaminated with 1,l- 

dichloroethene and carbon tetrachloride. 

6.3.3 Risk Characterization Results and Conclusions 

Tables 6-1 1 and 6-12 summarize the major contributions for RME point estimates of potential 

carcinogenic risks and noncarcinogenic hazard indices values for each of the subject scenarios, 

respectively. Phase I, 11, and III data analyses, which were completed as of August 1993, are 

reflected in these evaluations. 

As presented in this report, one of the principal risk-driving pathways is the inhalation of RADS. 

Concentration values for this pathway were not measured but were modeled using the MILDOS- 

AREA computer code. The source term, concentration in soil, used in the model can greatly 

affect the model output. For OU1, the RAD hot spot data were included in the OU-wide data 

using a simple average. This was done to be consistent with the method that the groundwater 

source @ISS 119.1) was included with the OU-wide groundwater data. However, this method 

overestimates the impact of the small surface area of the hot spots on the model output. 

Although the exact areal extent of the hot spots is not defined, the field report (Appendix A5) 
indicates that the four hot spots have a combined area less than 2 square meters (m'). When this 

area is compared to the area or OU1, approximately 80,000 m2, it can be seen that use of an 

area-weighted average would reduce the source term (and the model output) by approximately 

three orders of magnitude. The effects of this overestimation are reflected in the inhalation 

pathway risks for plutonium-239,240, americium-214, uranium-233,234, and uranium-238 for 

all scenarios except the future on-site resident scenario where the hot spot data were removed 

from the data set (Section F7.2.4 and Table F7-24, Appendix F). This is illustrated by 

comparing the risks from the scenario assuming a future on-site resident at the source and hot 
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spots (Section F7.2.3.2, Appendix F), approximately 3E-02, with the risk for the future on-site 

resident scenario where the hot spot data were removed, 2E-05. 

For the two current exposure scenarios evaluated, carcinogenic risks for Class A carcinogens 

are calculated to be within the NCP target risk range of 1E-06 to 1E-04. All hazard indices are 

less than unity for both scenarios. 

The risk calculated for exposure to Class A carcinogens for the current on-site worker is 1E-04, 

dominated by the inhalation of plutonium-239, 240 in windblown dust. The risk from exposure 

to Class B2 carcinogenic exposures is 6E-07, dominated by dermal contact with benzo(a)pyrene 

in surface soil. The hazard index of 8E-05 is dominated by dermal contact with fluoranthene 

in soil. 

The risk calculated for Class A carcinogenic exposures to the current off-site resident is 2E-06, 

dominated by the inhalation of plutonium-239, 240 in windblown dust. The risk calculated from 

exposure to Class B2 carcinogens is 7E-10, primarily due to ingestion of PAHs on vegetables. 

The child hazard index of 1E-07 is dominated by the ingestion of garden grown vegetables 

contaminated by fluorene. 

For the three standard exposure future scenarios evaluated, carcinogenic risk is calculated to be 

above the NCP target risk range. The noncarcinogenic impacts are calculated to be below the 

NCP target of unity for all three scenarios. 

The risk calculated for Class A carcinogenic exposures to the hture on-site office worker is 2E- 

03, dominated by the inhalation of plutonium-239, 240 in windblown dust. The risk calculated 

for Class C carcinogenic exposure is 2E-04, dominated by the inhalation of 1,l-dichloroethene 

volatilized through the foundation. Risk from exposure to B2 carcinogens is 2E-05. The hazard 

index of 3E-03 is dominated by the inhalation of 1,1,1-trichloroethane volatilized through the 

foundation. 

The risk calculated for Class C carcinogenic exposures to the future on-site construction worker 

is 4E-07, dominated by the inhalation of 1,l-dichloroethene volatilized during excavation. The 
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risk calculated for Class B2 carcinogenic exposure is 2E-08, dominated by the inhalation of 

carbon tetrachloride volatilized during excavation. Risk from exposure to A carcinogens is 5E- 

09. The hazard index of 1E-04 is dominated by the inhalation of 1,1,1-trichloroethene 

volatilized during excavation. 

The risk calculated for Class A carcinogenic exposure to the future on-site ecological researcher 

is 2E-03, dominated by inhalation of plutonium-239, 240. The risk calculated for exposure to 

Class B2 carcinogens is 9E-06, dominated by dermal contact with benzo(a)pyrene in surface soil. 

The hazard index of 2E-03 is dominated by dermal contact with pyrene in surface soil. 

The risk calculated for Class A carcinogenic exposure to the future on-site resident is 3E-03, 

dominated by the inhalation of plutonium-239,-240 dust. Risk from exposure to Class C 

carcinogens is 2E-04, dominated by the inhalation of 1,l-dichloroethene volatilized through the 

foundation. Risk from exposures to Class B2 carcinogens is 4E-05. The child hazard index of 

2E-02 is dominated by the inhalation of 1 , 1 , 1 -trichloroethane volatilized through the foundation. 

For three of the four additional cases of the future on-site resident scenarios evaluated, 

carcinogenic risk is calculated to be above the NCP target risk range for three scenarios. The 

noncarcinogenic impacts are calculated to be below the NCP target of unity for one of the four 

scenarios. 

The risk calculated for Class C carcinogenic exposure to the future on-site resident with 

groundwater ingestion is 3E-03, dominated by the ingestion of 1,l-dichloroethene in 

groundwater. Risk from exposure to Class A carcinogens is 3E-03, dominated by inhalation of 

plutonium-239,-240 dust. The hazard indices of 

9E+W for the adult and 2E+01 for the child are dominated by the ingestion of carbon 

tetrachloride in the groundwater. 

The risk from B2 carcinogens is 3E-04. 

The risk calculated for Class C carcinogenic exposure to the future on-site resident assuming 

adequate supply of groundwater for use at the source (IHSS 119.1) is 4E-02, dominated bq the 

ingestion of 1,l-dichloroethene in groundwater. Risk from exposure to Class A carcinogens is 

3E-02, dominated by inhalation of plutonium-239,-240 dust. The risk from B2 carcinogens 
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is 4E-03. The hazard indices of 1E+02 for the adult and 3E+02 for the child are dominated 

by the ingestion of carbon tetrachloride in the groundwater. 

The risk calculated for Class A carcinogenic exposure to the future on-site resident with 

groundwater use at the source (IHSS 119.1) augmented with public water is 3E-02, dominated 

by inhalation of plutonium-239,-240 dust. The risk from C carcinogens is 4E-02, dominated by 

the inhalation of 1,l-dichloroethene volatilized through the foundation. The risk from exposure 

to Class B2 carcinogens is 5E-04. The hazard indices of 1E+01 for the adult and 3E+01 for 

the child are dominated by the ingestion of carbon tetrachloride in the groundwater. 

The risk calculated for Class B2 carcinogenic exposure to the future on-site resident without the 

source (MSS 119.1) is 3E-05, dominated by the ingestion of home-grown produce containing 

dibenzo(a,h)anthracene. The risk for Class A carcinogens is 2E-05, dominated by the inhalation 

of plutonium-239,-240 dust. The risk for Class C carcinogens is 8E-07. The hazard indices of 

3E-03 for the adult and 7E-03 for the child are dominated by the ingestion of fluorene in 

vegetables. 

The quantification of uncertainty is an important component of the risk assessment process. 

According to the EPA Guidance on Risk Characterization for Risk Managers and Risk Assessors, 

point estimates of risk "do not fully convey the range of information considered and used in 

developing the assessment" (EPA, 1992g). Furthermore, the guidance states that the Monte 

Carlo simulation may be used to estimate descriptive risk percentiles. To provide information 

about the uncertainties associated with the RME estimate and the relation of the RME estimate 

relative to other percentiles of the risk distribution, uncertainties were identified during the PHE 

process and are presented in both qualitative and quantitative terms. 

Uncertainties in this risk assessment are due to uncertainties in the risk assessment process in 

general, specific uncertainties in characterizing the site, and the uncertainties associated with 

accurately describing exposures. Table 6-13 summarizes the uncertainties and limitations in this 

assessment. One approach to address this uncertainty is to use health-protective assumptions. 
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Health-protective assumptions are those that systematically overstate the magnitude of health 

risks such that even with errors due to uncertainty in the methodology, actual health risks are 

expected less than those calculated. This process bounds the plausible upper limits of risk and 

facilitates an informed risk management decision. 

The quantitative uncertainty analysis characterizes the propagated uncertainty in public health 

risk through the pathway and contaminant that dominates the risk in the future on-site resident 

scenario. These uncertainties are driven by uncertainty in the chemical monitoring data, the 

transport models used to estimate concentrations at receptor locations, receptor intake 

parameters, and the toxicity values used to characterize risk. Additionally, uncertainties are 

introduced in the risk assessment when exposures to several substances across multiple pathways 

are summed. 

Quantitative evaluations of 1,l-dichloroethene and carbon tetrachloride were performed for the 

hypothetical future on-site residential scenario and are provided in Table 6-14. For example, 

the range of the total risk for 1,l-dichloroethene inhalation pathway, spans almost six orders of 

magnitude, from the 5th percentile of 9E-11 to the 95th percentile of 7E-05, while the central 

tendency is indicated by the 50th percentile of 6E-08. The Monte Carlo simulations indicate that 

the calculated sitewide RME value is higher than the 95th percentile value for 1,l- 

dichloroethene, but lower for carbon tetrachloride. 

The special cases of risk under residential use at the source (IHSS 119.1) and risk without the 

source (the site excluding IHSS 119.1) are provided to indicate the impact of the localized 

contaminants in IHSS 119.1. The site without the source refers to the absence of EISS 119.1 

groundwater volatiles and the elevated surface soil RADS collected early in 1993. The risk 

directly over IHSS 119.1 from these three pathways is estimated to be 4E-02, which is greater 

than the 95th percentile of the sitewide residential risk. The risk associated with the site without 

the source for these three pathways is estimated to be 8E-07, wiilch is less than the 95th 

percentile of the sitewide residential risk. 

To place the NCP risk range of 10" to 10" (EPA, 1990b) in context, the incremental latent 

excess cancer risks due to contaminants at the site should be compared to several naturally 
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occurring substances present both on and off site. Several naturally occurring substances present 

both on- and off-site present typical risks in the lo4 to range. Arsenic, radon progeny, and 

PAHs (from natural and anthropogenic combustion) are some notable examples. 

Cancer incidence in the Denver metropolitan area not associated with the site is 0.33 (CDH, 

1991b). In other words, one person in three living in the Denver metropolitan area will get 

cancer before the age of 75. The potential lifetime cancer risk to hypothetical on-site residential 

receptors directly attributable to the source at the site under RME conditions at some time in the 

future has many unquantified uncertainties, including the degree of confidence that residential 

use of the site would ever be permitted. Therefore, the impacts calculated under the on-site 

residential land use scenario are extremely conservative; actual exposure, even under plausible 

future use scenarios, is expected to be lower. 

Information regarding the uncertainty in quantifying intakes, toxicological and carcinogenic 

response, credibility of future exposure scenarios, and the magnitude of "background" risks, will 

be used by the risk manager for regulatory decision making. 

6.4 OVERALL RISK ASSESSMENT 

The ecological and public health risk assessments are the two components of the BRA at OU1 

in the Phase III RFI/RI process at RFP. The results will be used to plan the FS and select 

potential remedial action alternatives. One concern for evaluating remedial actions is 

quantification of environmental impacts expected from the selected remedial actions (e.g., 

French Drain constructed in 1992 at OU1 to collect groundwarer may reduce the groundwater 

level that is necessary to sustain wetlands). 

COCs for both components of the BRA were selected because of their potential to cause 

measurable impacts to the ecosystem, including humans. The EE and PHE primarily screened 

candidate COCs based on toxicity, environmental fate characteristics, persistence in the 

environment, bioavailability , and the contaminant concentration. Pathways by which 

contaminants may cause an adverse effect at OU1 evaluated in the EE are groundwater, soils, 
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surface water, and sediments for plants and wildlife; the PHE evaluated inhalation, ingestion, 

and direct dermal contact to groundwater, soils, surface water, and sediments for humans. 

The concentrations of VOCs in groundwater, and PAHs and PCBs in soils are potentially toxic 

to ecological receptors; however, the restricted distribution of these contaminants limits the 

duration and frequency of contact with receptors and, therefore, limits exposure. The plant 

community in the OU1 IHSS area appears to have been impacted primarily through physical 

disturbance and revegetation efforts. If allowed, disturbed areas can probably regenerate through 

natural processes. Areas adjacent to OU1, but outside the disturbed sites support a native and 

diverse biological community which includes several sensitive and/or protected species. 

Exposure estimations suggest that while some contaminants occur at potentially toxic levels, the 

contaminated areas are not large enough to result in a significant threat to the populations of 

plants or animals in the Woman Creek drainage. 

For the human exposure scenarios evaluated, estimated risks for certain pathways were found 

to be above the NCP target carcinogenic risk range of 1E-06 to 1E-04 and noncarcinogenic 

target maximum of unity. In general, these pathways involved assumptions of hypothetical 

structures, and exposure to groundwater VOCs and a RAD "hot spot" in surface soil at the 

source (IHSS 119.1). The RAD "hot spots" were included in the data set using a simple 

average, thus calculations based on that data potentially overestimate the present risks from this 

media. Under assumed hypothetical conditions of direct exposure or buildings over the source, 

exposure to VOCs in groundwater presents elevated risks to human receptors. 

In summary, contaminants have been identified in limited areas at OU1 at potentially toxic levels 

for ecological and human receptors. For ecological receptors, these areas are too limited in size 

to result in a significant threat to biota. With regard to human receptors, present conditions and 

use are unlikely to present risks above NCP criteria, while assumed future exposures to 

groundwater are estimated to result in risks above NCP criteria. The potential risks and 

associated uncertainties evaluated for both ecological and human receptors will be considered 

by the risk manager for regulatory decision-making. 
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Table 6-2 

Means (f standard deviation) and t-test Results for Basal Cover (%), 
Species Richness, Diversity, Production (g/m2), and Woody Species Densities in 

Grassland Habitats in OU1 Study Area and Reference Area 

Habitat Type 

Mesic Grassland 
Cover (n = 10) 
Richness (n = 10) 
Diversity (n = 10) 
Production (n = 30) 
Tree, Shrub, and Yucca 
Density (n = 10) 

Cacti Density (n = 10) 

Xeric Grassland 
Cover (n = 10) 
Richness (n = 10) 
Diversity (n = 10) 
Production (n = 30)" 
Tree. Shrub, and Yucca 
Density (n = 10) 

Cacti Density (n = 10) 

Study Area 

29 f 6.3 
45 f 4.9 
1.8 f 0.4 
180 f 108 

0 

8.5 f 11 

20 f 2.9 
23 f 2.4 

1.1 f 0.34 
130 f 92 

0 

0 

Reference Area 

37.0 f 5.0 
44 f 9.4 

1.7 f 0.47 
170 f 86 
24 f 62 

34 f 29 

33 f 3.3 
51 f 6.6 

2.4 f 0.29 
123 f 33 
5.1 f 15 

80 f 40 

a n = 20 in reference area 
* Study and reference areas significantly different, p < 0.05 
n.s. not significant 

Probability 

0.0071 
0.70 
0.52 
0.67 

0.078 

0.017 

5.9E-08 
5.8-08 

4.3E-08 
0.67 
0.17 

6.3E-05 

Significance 

* 
n.s. 
n.s. 
n.s. 
n.s. 

* 

* 
* I  * 

n.s. 
n.s. 

* 



Table 6-3 

Mean Basal Cover, Species Richness, and Production of Native and Introduced 
Grasses and Forbs in Grassland Habitats in OU1 Study Area and Reference Area" 

Study Area 

Grassesb 

Native 

Introduced 

Forbs 

Native 

Introduced 

Reference Area 

Grassesb 

Native 

Introduced 

Forbs 

Native 

Introduced 

Mesic Grassland 

Cover 
(%I 

23.7 

19.1 

4.6 

4.9 

2.7 

2.2 

31.4 

23.6 

7.8 

4.4 

2.5 

1.9 

Richness 
(# of species) 

13.6 

9.8 

3.8 

30.1 

22.6 

7.5 

10.8 

7.7 

3.1 

30.6 

24.9 

5.7 

Production 
(g/m2) 

110.6 

96.2 

14.4 

69.0 

40.4 

28.6 

149.8 

96.0 

53.8 

19.4 

14.9 

4.5 

Xeric Grassland 

Cover 
(%I 

18.2 

12.5 

5.7 

1.5 

0.9 

0.6 

17.6 

15.4 

2.2 

9.3 

8.8 

0.5 

Richness 
(# of species) 

8.0 

5.0 

3.0 

14.9 

9.9 

5.0 
~ 

13.5 

10.6 

2.9 

34.1 

30.8 

3.3 

Production 
(g/m2) 

85.7 

25.2 

60.5 

43.9 

29.4 

14.5 

70.8 

60.0 

10.8 

50.3 

49.3 

1 .o 

a Values may differ from detailed data shown in Attachment E-2 because o f  rounding 
Cover values for grasses are the difference o f  total graminoid cover and total nongrass graminoid cover in Attachment E-2-1 



Table 6-4 

Mean Basal Cover, Species Richness, and Production of Annual/Biennial and Perennial 
Grasses and Forbs in Grassland Habitats in OU1 Study Area and Reference Area" 

Study Area 

Grasses 

Annual/ Biennial 

Perennial 

Forbs 

Annual/Biennial 

Perennial 

Reference Area 

Grasses 

Annual/Biennial 

Perennial 

Forbs 

Annual/Biennial 

Perennial 

Mesic Grassland 

Cover 
(%) 

Richness 
(# of species) 

- 

1.9 

21.8 

2.0 

2.9 

6.1 

25.3 

2.3 

2.2 

2.2 

11.4 

14.3 

15.8 

2.0 

8.8 

12.0 

18.3 

Production 
(g/m2) 

3.8 

106.7 

30.9 

37.3 

11.7 

138.1 

7.0 

12.4 

Xeric Grassland 

Cover 
(%I 

1.9 

16.2 

0.9 

0.6 

0.7 

20.6 

1.8 

7.5 

Richness 
(# of species) 

1 . 1  

6.9 

9.8 

5.2 

1.6 , 

11.9 

7.5 

26.6 

Production 
(g/m2) 

2.6 

83.0 

40.6 

3.3 

0.0 

70.8 

0.4 

50.0 

a Values may differ from detailed data shown in Attachment B because of rounding 



Table 6-5 

Relative Abundance and Percent Dominance (in Parentheses) 
of Small Mammals in OU1 Study Area and Reference Area, Spring 1991" 

SPECIESb 

Study Area 

Mesic Grassland 

Xeric Grassland 

Marshland 

Riparian Woodland 

Reclaimed Grassland 

Disturbed Land 

Reference Area 

Mesic Grassland 

Xeric Grassland 

Marshland 

Riparian Woodland 

u 
0 
Ei 

0 

0 

0 

0 

0 

0.5 (1%) 

0 

1.3 (21%) 

0 

0 

1.7 (30%) 

0 

15.0 (38%) 

4.0 (26%) 

9.3 (44%) 

2.5 (8%) 

2.3 (31%) 

0 

9.3 (82%) 

12.5 (34%) 

z 
E 

0 

0 

0.3 (0%) 

0 

0 

1.0 (3%) 

0 

0 

0 

0 

3.3 (57%) 

0 

23.5 (60%) 

11.3 (74%) 

11.3 (54%) 

28.5 (88%) 

5.0 (69%) 

4.7 (79%) 

2.0 (18%) 

22.3 (61%) 

a Relative abundance = number caught per 100 trap nights 
Dominance = percent of total captured 

MIOC 
MIPE 
PEHI 
PEMA 
R E M 0  
ZAHU 
ZAPR 
N E E  

Microtus ochrogaster 
Microtus pennsylvanicus 
Perognathus hispidus 
Peromyscus maniculatus 
Reithrodontomys montanus 
Zapus hudsonius 
Zapus princeps 
Neotoma mexicana 

0.7 (13%) 

0 

0.5 (1%) 

0 

0 

0 

0 

0 

0 

0 

E 
4 

0 

0 

0 

0 

0.3 (1%) 

0 

0 

0 

0 

0 

E 
4 
N 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1.5 (21 %) 

5! 
E 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- - 
I4 a 
c.l 

5.7 

0 

39.3 

15.3 

20.9 

32.5 

7.3 

6.0 

11.3 

36.3 - 



Table 6-6 

Relative Abundance and Percent Dominance (in Parentheses) 
of Small Mammals in OU 1 Study Area and Reference Area, Fall 1991" 

SPECIESb 

Study Area 

Mesic Grassland 

Xeric Grassland 

Marshland 

Riparian Woodland 

Reclaimed Grassland 

Disturbed Land 

Reference Area 

Mesic Grassland 

Xeric Grassland 

Marshland 

Riparian Woodland 

W 

8 

0 

0 

0 

0 

0.3 (1%) 

0 

0.3 (1%) 

0.3 (2%) 

0 

0 

3.7 (39%) 

0 

15.3 (50%) 

10.7 (44%) 

6.7 (40%) 

13.5 (24%) 

1 .o (5 %) 

3.7 (10%) 

26.0 (63%) 

8.0 (19%) 

j: 
E 

0.3 (3%) 

0 

0.5 (1%) 

1.0 (4%) 

0.5 (3%) 

0.5 (1%) 

0 

0 

0 

0 

3 
E 

5.5 (58%) 

0 

15.0 (49%) 

12.7 (52%)- 

9.3 (56%) 

41.5 (74%) 

19.0 (94%) 

11.0 (88%) 

15.3 (37%) 

34.7 (81%) 

a Relative abundance = number caught per 100 trap nights 
Dominance = percent of total captured 

MIOC 
MIPE 
PEHI 
PEMA 
REM0 
ZAHU 
ZAPR 
NEME 

Microtus ochrogaster 
Microtus pennsylvanicus 
Perognathus hispidus 
Peromyscus maniculatus 
Reithrodontomys montanus 
Zapus hudsonius 
Zapus princeps 
Neotoma mexicana 

B 
0 

1.0 (100%) 

0 

0 

0 

0 

0 

0 

0 

0 

N 8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

E 
4 
N - 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

53 
!2 

0 

0 

0 

0 

0 

D.5 (1%) 

0 

0 

0 

0 

- - 

J 
- - 

9.5 

1 .o 
30.8 

24.4 

16.75 

56.0 

20.3 

15.0 

41.3 

42.7 



Table 6-8 

OU1 Study Area and Reference Area Comparison 
Mean Basal Cover (%), Species Richness, Diversity, Production (g/m2), 

and Woody Species Densities by Community Type" 

Habitat Type 

Marshland 
Cover 
Richness 
Diversityb 
Production 
Tree, Shrub, and Yucca Density 
Cacti Density 

Riparian Complex 
Cover 
Richness 
Diversityb 
Production 
Tree, Shrub, and Yucca Density 
Cacti Density 

Reclaimed Grassland" 
Cover 
Richness 
Diversityb 
Production 
Tree, Shrub, and Yucca Density 
Cacti Density 

Disturbed Land" 
Cover 
Richness 
Diversityb 
Production 
Tree, Shrub, and Yucca Density 
Cacti Density 

Study Area 

16.3 
18.2 
0.9 

387.2 
5.7 
0 

21.6 
51.0 
1.7 

105.5 
454.5 

4.4 

19.8 
22.9 
1.2 

191.4 
1.9 
0.3 

15.1 
23.3 
1.6 

139.5 
4.3 
0.1 

a Refer to Table E7-1 for means and t-test results for mesic and xeric grassland 

Reference Area 

n = 10, except for diversity in marshland, disturbed land, and riparian woodland study areas, where n = 15 
Community type does not occur in reference area 



Table 6-9 

Mean Plant Production (g/m2) by Life Form and Community Type 
in OU1 Study Area and Reference Area’ 

Mesic Xeric Riparian 
Life Form Grassland Grassland Marshland Woodland 

Reclaimed Disturbed 
Grasslandb Landb 

Sample Size 

Graminoids 

Forbs 

Total 

Sample Size 

Graminoids 

Forbs 

Total 

30 

71 

52 

123 

30 

111 

69 

180 

30 

153 

88 

24 1 

30 

150 

20 

170 

30 

86 

44 

130 

30 

334 

54 

388 

Reference Area 

30 

90 

16 

106 

30 

50 

28 

78 

20 

186 

5.4 

191 

30 

102 

38 

140 

“Values may differ from detailed data shown in Attachment B because of rounding 
bCommunity type does not occur in reference area 
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Table 6-11 

Future On-Site Worker 5E-09 2E-08 
(Construction) 

On-Site Ecological 2E-03 9E-06 
Researcher 

On-Site Resident 3E-03 4E-05 
~ (Adult) 

Summary of OU1 Point Estimates of Carcinogenic Risk 

Total Risk 
(classes) 

scenario A B2 C Total Dominant COC Dominant Pathway 

1E-04 6E-07 N/A 1E-04 Plutonium-239,240 On-Site Worker 
(Security Specialast) 

Off-Site Resident 2E-06 7E-10 N/A 2E-06 Plutonium-239, 240 
(Adult) 

Inhalation of dust 

Inhalation of dust 

Other Future 

&-Site Resident 
(Adult) (Sitewide With 
Groundwater) 

On-Site Resident 
(Adult) (Assuming 
Adequate Groundwater 
At Source) 

On-Site Resident 
(Adult) (Groundwater 
At Source With Public 
Water) 

~ 

2E-04 

4E-07 

N/A 

3E-03 

3E-02 

3E-02 

2E-03 Plutonium-239, 240 Inhalation of dust 

4E-07 1,l  -Dichloroethene Inhalation of volatiles 

2E-03 Plutonium-239, 240 Inhalation of dust 

On-Site Resident 
(Adult) (Without 
Source I Without 
Groundwater) 

Future On-Site Worker 
(Office) 

2E-05 

2E-03 2E-05 

3E-04 

2E-04 I 3E-03 I Plutonium-239, 240 

4E-03 

Inhalation of dust 

5E-04 

3E-05 

3E-03 

4E-02 

6E-03 

8E-07 

6E-03 

7E-02 

4E-02 

5E-05 

1,l -Dichloroethene Ingestion of 
groundwater 

1,l -Dichloroethene Ingestion of 
groundwater 

Plutonium-239, 240 Inhalation of dust 

Dibenzo(a,h)anthracene Ingestion of vegetables I- 
eg&g\oul\rfi-n\sec~1-8\vol-ii\tbl~6-l1 .juri 



Table 6-12 

Summary of OU1 Point Estimates of Noncarcinogenic Risk 

SCeMl'iO 

Total Hazard 
Index 

~ Target Dominant 
Child Adult Dominant COC organ Pathway 

Future On-Site 
Worker (Office) 

On-Site Worker 
(Security Specialast) 

Off-Site Resident 

Future On-Site 
Worker 
(Construction) 

NIA 8E-05 Pyrene Blood Dermal contact 
with soil 

1E-07 6E-08 Fluorene Blood Ingestion of 
vegetables 

On-Site Ecological 
Researcher 

1 , 1 , 1-Trichloroethane 

On-Site Resident 

CNS Inhalation of 
volatiles through 
foundation 

I I 

1 , 1 , 1-Trichloroethane 

F'yrene 

1,1,1 -Trichloroethane 

Other Future 

CNS Inhalation of 
volatiles during 
excavation 

Blood Dermal contact 
with soil 

CNS Inhalation of 
volatiles through 
foundation 

On-Site Resident 
(Sitewide With 
Groundwater) 

2E+01 9E+W Carbon Tetrachloride 

On-Site Resident 
(Without Source I 
Without 

Liver Ingestion of 
groundwater 

On-Site Resident 
(Assuming Adequate 
Groundwater At 
Source) 

3E+02 1E+02 Carbon Tetrachloride Liver Ingestion of 
groundwater 

On-Site Resident 
(Groundwater At 
Source With Public 
Water) 

3E+01 1E+01 Carbon Tetrachloride 

Fluorene 

Liver Ingestion of 
groundwater 

Blood Ingestion of 
vegetables 



Table 6-13 

Uncertainty Factor 

Public Health Evaluation Uncertainty Factors at OU1 
Rocky Flats Plant 

Effect of Uncertainty Comment 

Sampling and Analysis 

Assumed house volume and 
ventilation rate risk 

May slightly over- or underestimate 

Soil-gas source term assumptions May over- or underestimate risk 

Natural infiltration rate May overestimate risk 

Moisture content May over- or underestimate risk 

Water table fluctuations May slightly over- or underestimate 
risk 

May slightly underestimate risk 

The indoor concentration of soil gas 
penetrating the foundation depends on 
indoor ventilation. 

The heterogeneous sources were 
assumed to be homogeneous. 

A conservative value was used for this 
parameter. 

This varies seasonally in the upper 
vadose zone and may be subject to 
measurement error. 

The average value used is expected to 
be representative of the depth over the 
25-year exposure period. 

May slightly over- or underestimate 
risk 

May slightly over- or underestimate 
risk 

May slightly over- or underestimate 
risk 

May slightly over- or underestimate 
risk 

May slightly over- or underestimate 
risk 

Fate and Transwrt Estimation 

The percent of radionuclide data 
validated is 43 %, with a rejection rate 
of 41 %. However, the unvalidated 
data used are consistent with previous 
measurements and should affect risk 
estimates only slightly. 

The use of professional judgement to 
analyze the data and identify 
contaminants introduces uncertainty. 
Some of the detected analytes (e.g., 
antimony and manganese) can result in 
risks similar to those calculated for 
COCs, but are not identified as site 
contaminants. 

Measurements used in C O C  screening 
had multiple detection limits from the 
laboratory analysis. However, since 
maximum concentrations are used in 
screening, the effect is expected to be 
small. 

EPA toxicity constants are subject to 
change and can effect the outcome of 
the C O C  screening urocess. 

Surface soil COCs were used to 
identify possible OU1 contaminants in 
surface water and sediments. Surface 
water and sediments will be further 
evaluated in the OUS risk assessment. 

The completeness goals were not 
achieved in all cases, however, critical 
samples in IHSS were complete. 

eg&g\oul \rfi-ri\sec-l-8\tbl-6-13 .juri Page 1 



Table 6-13 (Continued) 

Uncertainty Factor 

Public Health Evaluation Uncertainty Factors at OU1 
Rockv Flats Plant 

Effect of Uncertainty Comment 

Modeling of VOCs from soil gas 
through the foundation 

Use of hot spot data in source term 

Volume of theoretical mixing space 
in near-field air disuersion model 

Variability in annual meteorological 
data 

11 Plant uptake estimation 

Fate and Transport Estimation 
(continued) 

May under- or overestimate risk 

May greatly overestimate risk 

May overestimate risk 

May slightly over- or underestimate 
risk 

May slightly over- or underestimate 
risk 

May slightly under- or overestimate 
risk 

May slightly over- or underestimate 
risk 

There may be DNAPLs in the vadose 
zone, however, conservative 
assumptions were used in the modeling 
from the saturated zone. 

The radionuclide hot spot data were 
combined in the OU-wide data using a 
simple average. An area-weighted 
average indicates the source term is 
likely to be overestimated by 
approximately four orders of 
magnitude. 

The near-field model assumes a 
conservative volumetric flow rate. 

While lower winds reduce the amount 
of dispersion (thus increasing the 
potential concentration of airborne 
contaminants), higher-velocity winds 
result in significantly higher emission 
rates of contaminated soils than do . 
lower velocity winds, since 
resuspension is a non-linear function 
of wind speed. For example, a unit 
increase in wind speed will result in 
more than a unit increase in emission 
rate. 

~~ 

Although a rigorous statistical analysis 
on annual variability was not 
conducted, the annual variability is 
less than approximately 1 % in each 
category, resulting in less than 
amroximatelv 5% from vear to vear. 

When specific values were not 
available, the uptake model used 
default uptake constants. 

Exterior plant concentrations depend 
on assumptions regarding deposition 
velocity, intercept fraction, and 
weathering removal rate. 

eg&g\oul\fi-ri\sec~1-8\~l~6-13 .jun Page 2 



Table 6-13 (Continued) 

Uncertainty Factor Effect of Uncertainty Comment 

May overestimate risk 

May overestimate risk 

May overestimate risk 

May over- or underestimate risk 

May overestimate risk 

May underestimate risk 

May slightly underestimate risk 

May slightly over- or underestimate 
risk 

The likelihood of future scenarios has 
been qualitatively evaluated as follows: 

on-site resident - improbable 
on-site commercidindustrial - 

on-site ecological reserve - credible 
credible 

The likelihood of future onsite 
residential development is small. If 
future residential use of this site does 
not occur, then the risk estimates 
calculated for future onsite residents 
are likely to overestimate the true risk 
associated with future use of this site. 

Assumptions regarding media intake, 
population characteristics, and 
exposure patterns may not characterize 
actual exposures. 

In addition to sitewide risk, risk at the 
source was also evaluated. Evaluation 
of risk at the source assumes that a 
receptor builds directly over the 
source. 

The assumption that an individual will 
work or reside at OU1 for 25 or 30 
years in conservative. Short-term 
exposures involve comparison to sub- 
chronic toxicity values, which are 
generally less restrictive than chronic 
values. 

Conservative or upper bound values 
were used for all parameters 
incorporated into intake calculations. 

Exposure pathways were rigorously 
evaluated for each scenario and 
eliminated only if it was determined 
that they were either incomplete or 
negligible compared to other evaluated 
pathways. 

The radionuclide COCs are alpha 
emitters and emit little penetrating 
radiation. The screening calculation 
presented in Section F4.5.1 indicates 
that this pathway has little effect on 
overall risk. 

EPA permeability coefficients were 
algorithmically predicted and have an 
uncertainty of approximately one order 
of magnitude. 

eg&g\oul \rfi-ri\sec-l-8\tbl-6-13 .juri Page 3 



Table 6-13 (Continued) 

Uncertainty Factor Effect of Uncertainty I Comment 

Inclusion of groundwater ingestion in 
the future on-site residential scenario 

NAPL in subsurface soil 

Inclusion of hot spot data for 
radionuclides in surface soil in the 
sitewide scenarios 

Plant ingestion rate 

Model does not consider biotic decay 

Exclusion of transformation products 

Use of cancer slope factors 

Critical toxicity values derived 
primarily from animal studies 

Critical toxicity values derived 
primarily from high doses, most 
exuosures are at low doses 

Critical toxicity values and 
classification of carcinogens 

Exposure Estimation 
(continued) 

May overestimate risk 

May slightly underestimate risk 

May substantially overestimate risk 

May slightly over- or underestimate 
risk 

May overestimate risk 

May underestimate risk 

Toxicological data 

May overestimate risk 

May over- or underestimate risk 

May over- or underestimate risk 

May over- or underestimate risk 

The existence of the French Drain and 
the lack of available water to support 
residential development make this a 
very health-conservative evaluation. 

The nature and extent evaluation 
concludes that NAPL in subsurface 
soil is possible, although it was not 
sampled directly and a source term 
cannot be estimated. 

The hot spots are highly localized. 
The sitewide without source scenario 
is more representative of the risk at 
the site from radionuclides. 

The average plant ingestion rate was 
used with the assumption that 
homegrown plants would be consumed 
vear-round. 

Biotic decay would tend to reduce 
c o n t a d o n  over time. However, 
the modeling effort did not account for 
this process. 

Not a l l  transformation products of the 
identified organic or radioactive 
compounds were evaluated. 

Potencies are upper 95th percentile 
confidence limits. Considered unlikely 
to underestimate true risk. 

Extrapolation from animal to humans 
may induce error due to differences in 
absorption, pharmacokinetics, target 
organs, enzymes, and population 
variability. 

Assumes linear at low doses. Tend to 
have conservative exposure 
assumtions. 

Not all values represent the same 
degree of certainty. All are subject to 
change as new evidence becomes 
available. Of 16 animal studies with 
1 , 1-dichloroethene, only 1 produced 
evidence of carcinogenicity, and it did 
not present a doseresponse 
relationship. 

eg&g\ml \rfi-ri\sec-l-8\tb-6-13 .jun Page 4 



Table 6-13 (Continued) 

Uncertainty Factor Effect of Uncertainty Comment 

Lack of inhalation slope factors 

Use of  oral slope factors to evaluate 
dermal absorption 

Addition of  risks across weight-of- 
evidence classifications 

May underestimate risk 

May over- or underestimate risk 

Lack of  RfDs or R E S  

May overestimate risk 

May underestimate risk 

Carcinogenic COCs without inhalation 
slope factors may or may not be 
carcinogenic through the inhalation 
pathway. 

Assumes that introduction to the blood 
stream through the skin acts similarly 
to absomtion throueh the a t .  

Addition of  risks across weight-of- 
evidence classifications is extremely 
health conservative and potentially 
inmrouriate. 

Inhalation RfDs or RES are not 
available fiom IRIS for 
trichloroethylene, 1,1 -dichloroethene, 
carbon tetrachloride, 
tetrachloroethene, selenium, Aroclor- 
1254. or PAHs. 

Effect of  absorption 
_____ 

May over- or underestimate risk The assumption that absorption is 
equivalent across species is implicit in 
the derivation of  the critical toxicity 
values. Absorption may actually vary 
with chemical. 

Lack dermal absorption or direct 
action toxicity values 

May slightly underestimate risk The unavailability of  consensus 
absorption values does not facilitate 
comparison o f  absorbed dose to 
toxicity constants based on 
administered dose. Dermal absorption 
of  metals is expected to be 
insignificant compared to ingestion. 
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SECTION 7 

SUMMARY AND CONCLUSIONS 

Section 7 summarizes the physical features, contaminant sources, nature and extent of 

contamination, contaminant fate and transport characteristics, and the BRA for OU1. 
Conclusions regarding data limitations and recommended remedial action objectives are also 

discussed. 

7.1 SUMMARY OF FINDINGS 

Seventeen site-specific objectives, outlined in the Work Plan and numbered in Table 2-1, were 

developed after completion of the Phase I and II RI. These objectives have been addressed in 

the Report and are outlined by number in the first paragraph of each subsection of Section 7. 

Subsequent text summarizes each numbered objective individually. 

7.1.1 Site Phvsical Features 

Various physical attributes of OU1 were characterized by: (1) determining the extent of 

saturation and groundwater flow directions both spatially and temporally for the unconfined flow 

system, or UHSU groundwater, (2) describing the interaction between surface water and 

groundwater, (3) quantifying aquifer properties for the UHSU and LHSU, (4) describing all soil 

and rock materials, and (5) refining the hydrogeologic site conceptual model for OU1. Site 

conditions are characterized sufficiently to determine pathways and assess contaminant transport 

at OU1. These are summarized below. 

(1) Groundwater in the UHSU - Twenty-three alluvial wells, three bedrock wells, 
three alluvial piezometers, and two bedrock piezometers were installed during the 
Phase III RFI/RI at OU1 to supplement the existing monitoring well network at 
the site. Water level data from Phase I, II, and III wells and piezometers were 
used in this study. Distribution and flow of groundwater in the UHSU is largely 
controlled by recharge and discharge characteristics of the area and the 
topography of the bedrock surface. The UHSU is not a typical aquifer; rather, 
it is a variably saturated water-bearing hydrostratigraphic unit. 
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Groundwater/Surface Water Interaction - UHSU groundwater is recharged 
by infiltration of incident precipitation, snowmelt, and surface water from ditches 
and ponds, and underflow from the Rocky Flats Alluvium along the north rim of 
the hillside. Groundwater discharges from the UHSU by evapotranspiration, at 
surface seeps, into the French Drain and locally to the LHSU. UHSU 
groundwater not controlled by the French Drain in eastern OU1 discharges to the 
Valley Fill Alluvium and Woman Creek. 

Hydrogeological Properties - Hydrogeological tests were conducted to estimate 
hydraulic conductivity and average linear groundwater flow velocity for the 
UHSU and LHSU. Hydraulic conductivity values ranged from 3 x 10” to 9 x 10- 

cm/sec for the UHSU and 7 x lo5 to 1 x lo-’ cm/sec for the LHSU. Back- 
pressure permeabilities representing vertical hydraulic conductivities ranged from 
1.2 x to 2.5 x to 5 x lo-* cm/sec for 
the LHSU. Linear groundwater flow velocities are 178 feet/year for Valley Fill 
Alluvium and 8 to 70 feet/year for colluvium. Based on these values and 
observations documented during the construction of the French Drain, 
groundwater flows more rapidly to the east in valley fill alluvial material than 
southward in colluvium. Based on the highest conductivity value, vertical 
groundwater flow between the UHSU and LHSU occurs at less than 730 feet per 
year. However, using a more representative conductivity value, the vertical 
migration rate is in the range of 0.04 to 0.36 ft/yr. 

cm/sec for the UHSU and 7.8 x 

Geology - Descriptions of unconsolidated suficial material and bedrock are 
based on drill core descriptions from 114 Phase III RFI/RI boreholes, the French 
Drain geologic characterization, and previous work. The Rocky Flats Alluvium 
is 10 to 20 feet thick and forms a uniform blanket-like deposit at the crest of the 
881 Hillside. Colluvial deposits formed by slope wash, downslope creep, and 
slumping of the Rocky Flats Alluvium, bedrock, and artificial fill compose the 
bulk of suficial materials underlying OU1, and may be up to 30 feet thick. 
Gravel and sand lenses in the colluvium are limited in vertical and areal extent. 
Artificial fill from excavation and disposal activities occurs in three areas on the 
hillside and is 5 to 20 feet thick. The Woman Creek Valley Fill Alluvium is less 
than 10 feet thick and forms a sinuous elongate deposit at the bottom of the 881 
Hillside Area. 

Surficial material is unconformably underlain by bedrock clay stones, clayey 
siltstones and fine-grained silty sandstones of the upper Laramie Formation. The 
Arapahoe Formation does not exist at OUl. The bedrock surface has been 
scoured and shaped by various alluvial, fluvial, and geomorphological processes. 
The most apparent features on the bedrock surface are several north-south 
trending channels extending to Woman Creek and separated by bedrock highs. 
Slump blocks bounded by basal glide planes or shear surfaces and cemented by 
caliche zones commonly occur on the hillside and may restrict groundwater 
distribution and flow in the UHSU. A normal fault was encountered during the 
construction of the French Drain near Station 11 + 80. The magnitude of this 
structure is unknown as only two vertical feet of it was exposed. 
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(5) Hydrogeologic Site Conceptual Model - All historical and Phase III RFI/RI 
hydrogeological data, as well as subsequent water level data have been integrated 
into a refined hydrogeologic conceptual model that was verified against field 
observations and contaminant distributions. The water bearing zones at OU1 are 
divided into lower and upper HSUs (LHSU and UHSU, respectively). The 
UHSU contains groundwater under unconfined conditions, while the LHSU 
contains both confined and unconfined groundwater. The boundary between the 
two units is marked by the deepest extent of slump features (disturbed bedrock) 
at approximately 25 feet below the bedrock contact. UHSU groundwater is 
largely restricted to channels incised in the bedrock surface. These north-south 
oriented channels discharge to Valley Fill Alluvium in the vicinity of Woman 
Creek in eastern OU1. However, the French Drain cuts across these channels in 
central and western OU1 and appears to create a hydraulic barrier (based on 
available water level data) to UHSU groundwater. 

Groundwater occurs in the LHSU in the relatively coarse beds (silty and sandy 
intervals) under either confiined or unconfiined conditions. Some vertical 
migration between the UHSU and LHSU is considered possible. In general, 
LHSU groundwater migrates to the southwest. However, LHSU groundwater 
occurrence appears limited to relatively isolated coarse-grained channel deposits 
(silt stone and silty sandstone). Therefore, the degree of communication between 
the relatively isolated units may be limited. 

7.1.2 Contaminant Sources 

Contaminant sources at OU1 were characterized by determining (6) the nature and distribution 

of waste materials on site, (7)  the soil quality beneath wastes or in soils at MSSs where wastes 

have been removed (considered as potential contaminant sources), and (8) whether IHSSs or 

subareas of MSSs were potential sources of contaminants in groundwater. The objectives, 

meant to characterize contaminant sources at OU1, are summarized below. 

(6) Waste Materials - Soil samples were collected from boreholes drilled directly 
through MSSs to characterize the nature and distribution of any waste materials 
still existing on site. Materials encountered during the drilling included asphalt 
in boreholes drilled in MSS 130. Asphalt chunks were collected in some of the 
soil samples and were analyzed with the soils. SVOCs were detected in shallow 
soils at IHSSs 104 and 130 and are associated with asphalt disposal in that area. 

(7) Soil Contamination Sources - In order to characterize subsurface soils beneath 
wastes and soils at sites where wastes have been removed, 419 soil samples from 
boreholes were collected and analyzed. To characterize surface soils, samples 
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were collected from 28 locations at OU1. VOCs, SVOCs, RADS and metals 
exceeding background were detected in subsurface soils. SVOCs and RADs were 
detected above background in surface soils. RAD data for surface soil samples 
indicate that levels of plutonium and americium exceed sitewide background 
concentrations at OU1. The plutonium and americium are due, in part, to wind 
transport and deposition from source areas outside OU1 such as the 903 Pad in 
OU2. In addition, RAD "hot spots" were identified within IHSS 119.1 
boundaries and may constitute a source for some of the OU-wide occurrences of 
RADs in surface soils. However, based on the distribution of RADS at OU1, the 
bulk of the contaminants are believed to originate at the 903 Pad. 

(8) Groundwater Contamination Sources - Sources for metals and VOCs in 
groundwater have been identified or postulated at several locations within OU1. 
The dilute concentrations of VOCs in the Building 881 Area and the lack of 
significant VOC concentrations in soils suggest the release of an aqueous solution 
of VOCs. IHSS 145 is proposed as the likely release point as this is a sanitary 
sewer line. Leakage of VOCs containing liquids from drums formerly stored 
within IHSS 119.1 is the suspected source f G i  VOC in groundwater in this area. 
These VOCs most likely were released in the form of a DNAPL. Immobile 
(residual) or mobile DNAPL is inferred to be present at MSS 119.1 in the 
unsaturated and/or saturated zones. Selenium and vanadium sources are 
uncertain. However, they may be undocumented RFP wastes that were stored in 
drums or leached from native soils by an RFP waste with chelating properties or 
naturally occurring. VOCs detected near IHSS 119.2 originated at MSS 119.2 
and/or the 903 Pad. 

7.1.3 Nature and Extent of Contamination 

The nature and extent of contamination was characterized by: (9) determining the horizontal and 

vertical extent of RAD contamination in surface soils due to wind dispersion, (10) determining 

the nature and extent of groundwater contamination in surfkial materials, (11) determining the 

location and extent of weathered and unweathered sandstone u&ts and associated contamination, 

(12) characterizing surface water quality, (13) characterizing radionuclides in Woman Creek 

sediments, (14) identifying and implementing data management procedures, and (15) collecting 

data of sufficient quality to facilitate development of a site conceptual model and initiate 

comparison to ARARs. 
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(9) Radionuclides in Surface Soils - Surface soil RAD data collected as part of the 
RI and related RFP programs were used to define nature and extent. RAD 
detected in surface soils at OU1 can be attributed to a contamination source to the 
east in OU2 and to “hot spots” identified in MSS 119.1. 

(10) Contamination in UHSU Groundwater - The extent of UHSU groundwater 
contamination was defmed by mapping the maximum concentrations of 
contaminants detected between the period 1986 and May 1992. This illustrates 
the maximum historical extent of contamination. In the Building 881 Area, 
UHSU contamination takes the form of a diffuse low concentration VOC plume 
that has not advanced beyond the SID. In the IHSS 119.1 Area, UHSU 
contamination is more concentrated with mgll concentrations not uncommon. 
The historical maximum extent of contamination in this area lies between the SID 
and Woman Creek but has not reached Woman Creek. Contamination in the 
IHSS 119.2 area is not a well defmed. Contributions to UHSU contamination are 
suspected from both the IHSS and the 903 Pad. The extent of contamination may 
have reached Woman Creek in low concentrations, however, this has not been 
confirmd. 

(11) Contamination in Subcropping Sandstones - Three monitoring wells were 
installed in three areas of subcropping sandstones. Groundwater from these wells 
contained less than 1 pgll of VOCs and typically contained metal contaminants 
below background concentrations. One exception to this was a detection of 
vanadium slightly above background levels at a station near the French Drain, 
downgradient of IHSS 119.1. 

(12) Contamination in Surface Water - Surface water stations continue to be 
monitored on a monthly basis as part of the routine monitoring program. Of the 
stations directly south of OU1 along the SID, two out of five have one record of 
VOC detection. However, two upgradient stations on the SID have also reported 
VOC occurrences. The same is true for VOC occurrences in Woman Creek. 
VOCs have consistently been reported at station SW045, which monitors the 
footing drain from Building 881. RADS above background concentrations have 
been reported sporadically for SID and Woman Creek stations, but have also been 
present in the upgradient stations. 

(13) RADS in Sediment - Six new sediment stations (SED037, SEDO38, SEDO39, 
SED040, SED041, and SED042) were established in the SID and Woman Creek 
to monitor contaminant levels directly associated with OU1. Plutonium was the 
only RAD detected above background in OU1 sediments. It was reported in one 
sample at station SED039. 

(14) Data Management Procedures - All data collected during the Phase III RFWRI 
field investigation were input to the Rocky Flats Environmental Database System. 
Field and analytical data are routinely input as they are received. 
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(15) Data Quality - The PhaseIII RFI/RI data collection effort at OU1 was 
implemented in accordance with the Environmental Restoration Program, Quality 
Assurance Project Plan, GRRASP, and the OU1 Quality Assurance Addendum, 
for the purpose of meeting data quality objectives. The data were subsequently 
used to refme the site conceptual model. Data are of sufficient quality to meet 
the specified data quality objectives, to facilitate comparison to benchmarks or 
ARARs, and to conduct a BRA. Phase I and II data are considered to be of 
variable quality. Therefore, only Phase 111 were used to select the site 
contaminants. All data were used to describe the nature and extent of 
contamination. 

To avoid redundant discussion, additional information regarding nature and extent of 

contamination is incorporated into the contaminant fate and transport discussion summarized 

below in Section 7.14. 

7.1.4 Fate and TransDort 

The nature and extent of contamination was tied to the risk assessment by: (16) describing 

contaminant fate and transport. An overview of contaminant fate and transport applicable to 

OU1 is presented below. 

(16) Contaminant Fate and Transport - The migration of VOC-contaminated 
UHSU groundwater and eolian dispersion of RADs are the most significant 
contaminant migration pathways. Secondary pathways include the migration of 
VOC-contaminated soil gas and the transport of RADs and PAHs by surface 
water. Contaminated UHSU groundwater typically flows in channels incised in 
the claystone bedrock that are overlain with saturated colluvium. Groundwater 
contaminants (VOCs and metals) typically migrate slower than the groundwater 
as a result of retardation mechanisms includitrg adsorption of VOCs and metals 
to clay mineral surfaces and organic matter. Metal contaminants are further 
retarded by ion exchange with components of the solid aquifer matrix. The 
observed horizontal travel distances fall with the range of predicted travel 
distances for both metals and organic contaminants. However, observed vertical 
migration distances for metal contaminants agree with the predicted range only 
when the highest measured hydraulic conductivity values are used. 
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7.1.5 Baseline Risk Assessment 

A BRA was conducted to determine the overall risk to both the environment and human health. 

(17) BRA - The EE in this report was conducted using a 3-step process. The first 
step (screening) consists of identifying potential COCs that are known to be 
present at OU1. The second step, ecological risk assessment (characterizing 
potential impacts), consists of reviewing research and regulatory findings to 
determine potential toxicity and behavior of contaminants of concern in the soils, 
surface waters, and sediments. The third step, ecological comparison (actual 
ecological impacts), consists of evaluating ecological data from RFP to determine 
if measurable ecological impacts result from COC at the OU1 study area. 

Using Phase III data the PHE developed a quantitative assessment of the public 
health risk posed by the COCs at OU1. COCs were identified along with 
plausible scenarios and exposure pathwcys that link the COCs to potentially 
exposed populations. Estimated incremental risks presented by the COC to which 
the populations would be exposed were computed and then compared to EPA 
guidance values. An uncertainty analysis was completed that formalizes and 
quantifies the conclusions drawn regarding the risk of the identified COC and as 
a measure of the degree of confidence in the estimated risk. 

The ecological and public health risk evaluations are the two components of the 
BRA at OU1 in the Phase III RFI/RI. process at RFP. The results of these studies 
will be used to plan the FS and select potential remedial action alternatives. One 
concern for evaluating remedial actions in the f'uture is quantification of 
environmental impacts expected from the selected remedial actions. 

Criteria for selection of COCs used in both components of the BRA were selected 
because of the potential to cause measurable impacts to the ecosystem including 
human health. The EE and PEE primarily screened candidate COCs based on 
actual toxicity, persistence in the environment, bioavailability, and the 
concentration present. Pathways by which contaminants may cause an adverse 
effect at OU1 evaluated in the EE are soils, surface water, and sediments for 
plants and wildlife; the PHE evaluated inhalation, ingestion, and direct dermal 
contact for humans. After determination of exposures, risks were characterized 
by considering toxicity factors. Overall risks were then compared to guidance 
values. 

The overall level of risk to ecological receptors (plants and animals) and humans 
from potential exposure to COCs at OU1 are low based on both theoretical 
calculations (for humans and ecological receptors) and weight of evidence for 
ecological receptors. The highest potential risk to ecological receptors at OU1 
based on surface soils analyses are the IHSS 119.1 area. However, at IHSS 
119.1 , the contaminated areas are very restricted in size, and the concentration 
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of COCs detected are nonhomogeneous. For example, some sample stations had 
high concentrations of a target COC in one sample while other samples indicated 
only background levels. The individual excess cancer risk for the reasonable 
maximum exposure for hypothetical future on-site resident was found to be the 
highest of the five scenarios examined. It was calculated to be 9 x lo-'. There 
are many unquantifkd uncertainties, including the degree of confidence that 
residential land use scenario is extremely conservative; actual exposure, even 
under plausible future use scenarios, is expected to be lower. 

7.2 CONCLUSIONS 

Conclusions regarding data limitations and recommended remedial action objectives are drawn 

from the findings summarized above in Section 7.1. Conclusions regarding remedial action 

objectives to be considered in the feasibility study are provided below. 

The first step in the FS process-development of alternatives-involves establishing remedial 

action objectives that specify the contaminants and media of interest, exposure pathways, and 

preliminary remediation goals, and developing a range of treatment and containment alternatives. 

Identifying and refining remedial action objectives is an ongoing process of narrowing focus that 

begins during the RI and continues during the FS. Several preliminary and remedial action 

objectives have been identified for OU1 based on the results of site characterization in the 

RFI/RI. These objectives consider the contaminants and media of concern and the transport and 

exposure pathways as well as risk-based concerns developed in the BRA. 

Six remedial action objectives recommended for consideration for OU1 are: 

a Consider continued operation and monitoring of the extraction well at IHSS 
119.1. Groundwater extraction at this location will provide some hydraulic 
control over the dissolved-phase VOC and metal contaminant plume and will 
result in some contaminant mass removal. It should be noted that the historical 
performance of this extraction well suggests that it has a limited zone of influence 
due to the intermittent presence of pumpable groundwater. 

0 MSS 119.1 is the only MSS at OU1 that contributes a substantial part of the risk. 
Consider evaluation of source removal and treatment or in situ treatment of 
saturated, partially saturated, and unsaturated UHSU materials. 
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0 Consider continued groundwater monitoring and operation of the French Drain. 

SVOC- and RAD-contaminated subsurface soils in IHSS 130 are currently 
immobile and are not available to the surface exposure pathway. Stabilization of 
the soils should be considered to minimize the possibility of future erosion. 

0 RAD "hot spots" in M S S  119.1 could be physically removed to limit potential 
human exposure and to prevent eolian dispersion. 

Jme 1954 
Page 1-9 



SECTION 8 

REFERENCES 

Bartell, S.M., R.H. Gardner, and R.V. O'Neill, 1992, Ecological Risk Estimation. Lewis 
Publishers, Boca Raton, Fl. 

Bauer, J. E. and D. G. Capone, 1985, Degradation and mineralization of the polycyclic 
aromatic hydrocarbons anthracene and naphthalene in intern'dal marine sediments, Appl. 
Environ. Microbiol; V. 50, pp. 81-90. 

Birkeland, P.W., 1984, Soils and Geomorphology, Oxford University Press, New York, p.373. 

Bower and Rice, 1976, A Slug Test for Determining Hydraulic Conductivity of Unconfined 
Aquifers with Completely or Partially Penetrating Wells, Water Resources Resources 
Research, 12 (1976), p.423-428. 

Brookins, D.G., 1988, Eh-pH Diagrams for Geochemistry, Springer-Verlag, r k w  York, p. 176. 

Calkins, K.W., 1970, Memorandum to L.M. Joshel; Dow Chemical Company, Rocky Flats 
Division, August 19, 1970. 

Carey, J.W., McBridge, J.F., and C.S. Simmons, 1989, Trichloroethylene Residuals in the 
Capillary Fringe as Agected by Air-Entry Pressure, Journal of Environmental Quality, 18, 
p. 72-77. 

CDH (Colorado Department of Health), 1990, Final Clear Creek Phase I .  Remedial 
Investigation. 

CDH, 1991a, Idenhpcation of Chemicals and Radionuclides Used at Rocky Flats, Rocky Flats 
Toxicologic Review and Dose Reconstruction, Task 114 Report, January 1991. 

CDH, 1991b, Cancer in Colorado, Prevention, Incidence, Survival, and Mortality. 

CDH, 1992, Rocky Flats History, Rocky Flats Toxicologic Review and Dose Reconstruction, 
Task 314 Report, February 1992. 

Cherry, J. A., 1991, Personal Communication, Chlorinated Solvents in the Subsurface, A Short 
Course, Denver, 1991. 

Colton, R.B., and J.A. Holligan, 1977, Photo Interpretive Map Showing Areas Underlain by 
Landslide Deposits and Areas Susceptible to Landsliding in the Louisville Quadrangle, 
Boulder and Jefferson Counties, Colorado, U. S. Geological Survey Miscellaneous Field 
Studies Map, MF-871, 1:24,000. 

Compton, R.R., 1962, Manual of Field Geology, John Wiley & Sons, Inc., New York, New 
York. 

Final Phase m WRI Rcpon 
EGLG, Opcrablc Unit Number 1 
cg&g\oul \rfiiri\scc_8.jm 

Junc 1594 
Page 8-1 



Denenberg, V. H., 1976, Statistics and Experimental Design for Behavioral and Biological 
Researchers, John Wiley and Sons, New York, New York, p.344. 

Department of Agriculture, Soil Conservation Service, 1980, Soil Survey of the &Men Area, 
Colorado - Parts of Denver, Douglas, Jefferson, and Park Counties. 

DOE (Department of Energy), 1980, Final Environmental Impact Statement: Rocky Flats Plant 
Site, Golden, Jefferson County, Colorado, Volumes 1, 2, and 3; Department of Energy 
Report; Washington D.C., DOE/EJS-0064. 

DOE, 1986, Draft comprehensive Environmental Assessment and Response Program (CELRP) 
Phase 1: Draft Installation Assessment Rocky Flats Plant, Department of Energy, April 
1986. 

DOE, 1987a, Comprehensive Environmental Assessment and Response Program, Phase 2: Rocky 
Flats Plant, Draft Installation Generic Monitoring Plan, Department of Energy, February 
1987. 

DOE, 1987b, Comprehensive Environmental Assessment and Response Program, Phase 2: Rocky 
Flats Plant, Draft Site-Specif c Monitoring Plan, Department of Energy 

DOE, 1990a, Final Proposed Interim Measureshterim Remedial Action Plan and Decision 
Document, 881 Hillside Area, High Priority Sites, Department of Energy, Rocky Flats Plant, 
Golden, Colorado, January 1990. 

DOE, 1990b, Final Environmental Assessment for 881 Hillside (High Priority Sites) Interim 
Remedial Action, Department of Energy, Rocky Flats Plant, Golden, Colorado, January 
1990. 

DOE, 1990c, Draft Phase 111 RVFS Work Plan, Rocky Flats Plant, 881 Hillside Area (Operable 
Unit No. I ) ,  Department of Energy, Rocky Flats Plant, February 1990. 

DOE, 1990d, 1989 Population, Economic and Land Use Data Base for Rocky Flats Plant, 
Department of Energy, Rocky Flats Plant, Golden, Colorado, August 1990. 

DOE, 1990e, Final Phase 111 RFI/Rl Work Plan, Rocky Flats Plant, 881 Hillside Area (Operable 
Unit No. I ) ,  Department of Energy, Rocky Flats Plant, October 1990. 

DOE, 1991a, Final Phase 11 RFI/RI Work Plan (Alluvial) for Rocky Flats Plant: 903 Pad, 
Mound, and East Trenches Areas (Operable Unit No. 2), Department Of Energy, Rocky 
Flats Plant, Golden, Colorado, Revision 1, February 1991. 

DOE, 1991b, Final Phase 111 RFI/RI Work Plan, 881 Hillside Area (Operable Unit No. I ) ,  
Department Of Energy, Rocky Flats Plant, Golden, Colorado, March 1991. 

Final Phase RFYRI Repolt Junc 1994 

cg&g\g\oul \rfi-ri\scc-l.jun 
EGBrG, Operable Unit Number 1 Page 8-2 



DOE, 1991c, Final Phase 111 RFI/RIr Environmental Evaluan'on Work Plan, Rocky Flats Plant, 
881 Hillside Area (Operable Unit No. I ) ,  Department of Energy, Rocky Flats Plant, Golden, 
Colorado, June 1991. 

DOE, 1991d, Quality Assurance Addendum, (QAA1.l) to the Rocky Flats Site-Wide Quality 
Assurance Project Plan for CERCLA RI/FS and RCRA RFI/CMS Activities for Operable 
Unit No. 1 881 Hillside Area Phase III RFI/RI, Department of Energy, Rocky Flats Plant, 
Golden, Colorado. 

DOE, 1991e, Technical Memorandurn No. 1, Addendum to Final Phase 111 Work Plun, 
Chemical Analysis Plan, Rocky Flats Plant, 881 Hillside Area (Operable Unit No. l), Rocky 
Flats Plant, Golden, Colorado, August 1991. 

DOE, 1991f, Technical Memorandurn No. 2 ,  Responses to EPA Comments on the Operable Unit 
No. I RFI/RI Work Plan, Rocky Flats Plant, Golden, Colorado, August 1991. 

DOE, 1991g, Final Phase I RFI/RI Work Plan, Rocky Flats Plant: Woman Creek Priority 
Dririruzge (Operable Unit No. 5), Department of Energy, Rocky Flats Plant, August 1991. 

DOE, 1991h, Technical Memorandum No. 3, Addendum to the Final Phase 111 RFI/RI Work 
Plan, Multiple-Well Pumping Test Plan, 881 Hillside Area (Operable Unit No. l), 
Rocky Flats Plant, Golden, Colorado, November 1991. 

DOE, 1991i, Technical Memorandum No. 4, Addendum to the Final Phase 111 RFI/RI Work 
Plan, Tracer Test Plan, 881 Hillside Area (Operable Unit No. l), Rocky Flats Plant, 
Golden, Colorado, November 1991. 

DOE, 1991j, Draft Final Phase 111 IWFS Environmental Evaluation Field Sampling Plan, 881 
Hillside Area (Operable Unit No. l), Department of Energy, Rocky Flats Plant, Golden, 
Colorado, November 1991. 

DOE, 1992a, Draft Final Technical Memorandum No. 5, Addendum to the Final Phase 111 
RFI/RI Work Plan, Sugace Soil §ampling and Analysis Plan, Rocky Flats Plant, 881 HiUside 
Area (Operable Unit No. l), Golden, Colorado, February 1992. 

DOE, 1992b, Final Interim Measure/Interim Remedial Action French Drain Per$onnunce 
Monitoring Plan, 881 Hillside Asea (Operable Unit  NO.^), Department of Energy, Rocky 
Flats Plant, Golden, Colorado, May 1992. 

DOE, 1992c, Public Health Risk Assessment, 881 Hillside Area (OUl), Technical 
Memorandum, No. 6, I3posur.e Scenarios, Revision 3 .O, Environmental Restoration 
Program, Rocky Flats Plant, Golden, Colorado, June 1992. 

DOE, 1992d, Final Historical Release Report for the Rocky Flats Plant, June 1992. 

DOE, 1992e, Description of Models for the Public Health Evaluation, Operable Unit No. 1, 
Technical Memorandum No. 7 ,  Rocky Flats Plant, Golden, Colorado, July 1992. 

Final Phase III RFVRI Report 
EGBrG, Opcrablc Unit Number 1 
eg&g\g\oul\fi-ri\scc_8.jun 

June 1994 
page a3 



DOE, 1992f, Final Background Geochemical Characterization Report, Rocky Flats Plant, 
Golden, Colorado, September 1992. 

DOE, 1992g, Public Health Evaluation, 881 Hillside Area (OUl), Technical Memorandum 
No. 8, Contaminunt IdentijTcation, Rocky Flats Plant, Draft, September 1992. 

DOE, 1992h, Public Health Risk Assessment, 881 Hillside Area (OUl), Technical Memorandum 
No. 9, Toxicity Constants, Rocky Flats Plant, September 1992. 

DOE, 1992i, Baseline Biological Characterization of Terrestrial and Aquatic Habitats, Rocky 
Flats Plant, Golden, Colorado, October 1992. 

Dragun, J., 1988, The Soil Chemistry of Hazardous Materials, Hazardous Materials Research 
Institute, Silver Spring, Maryland, p.458. 

DRCOG,(Denver Regional Council of Governments), 1989, DRCOG Makes 1989 Estimates of 
Metro Population and Households, Denver Regional Council of Governments, September 
1989. 

Drever, J.I., 1988, The Geochemistry of Natural Waters, Prentice-Hall, Englewood Cliffs, New 
Jersey, p.437. 

Driscoll, F.G., 1989, Groundwater and Wells, Third Printing, Johnson Division, St. Paul, 
Minnesota, p. 1089. 

EG&G (EG&G Rocky Flats, Inc.), 1990a, Ora9 Geologic Characterization Report, Department 
of Energy, Rocky Flats Plant, January 1990. 

EG&G, 1990b, Drafr Geologic Characterization Report, Department of Energy, Rocky Flats 
Plant, Appendix E, Seismic Data Reprocessing, January 1990. 

EG&G, 1990c, General Radiochemistry and Routine Analytical Sewices Protocol (GRRASP), 
Environmental Restoration Program, Rocky Flats Plant, Golden, Colorado, February 1990. 

EG&G, 1990d, Draft Rocky Flats Plant Site-wide Quality Assurance Project P h  for CERCLA 
Remedial InvestigatiodFeasibility Studies and RCRA Facility Investigations/Corrective 
Measure Studies Activities, Environmental Restoration Program, Rocky Flats Plant, Golden, 
Colorado, August 1990. 

EG&G, 1990e, French Drain Geotechnical Investigation, Department of Energy, Rocky Flats 
Plant, Golden, Colorado, October 1990. 

EG&G, 1991a, Rocky Flats Plant Environmental Management Department Standard 
Operating Procedures. 

EG&G, 1991b, Rocky Flats Plant Site Environmental Report for 1990: January through 
December 1990; EG&G, Rocky Flats Plant, Golden, Colorado, report REP-ENV-90, p.210. 

Final phase III RFI/Rl Rcpolt 
EG&G, Operable Unit Number 1 
cg&g\oul \rti-ri\scc_8.jun 

June 1994 
Page 84 



EG&G, 1991c, Phase 11 Geologic characterization Data Acquisition Task 3, Final Shallow, 
High-Resolution Seismic Reflection ProBling in Operable Unit N0.2 (903 Pad, Mound, and 
East Trenches) Report, Department of Energy, Rocky Flats Plant, Golden, Colorado, 
February 1991. 

EG&G, 1991d, Operable Unit No. I Interim Measure/Intenm Remedial Action Implementation 
Document, Department of Energy, Rocky Flats Plant, Golden, Colorado, February 1991. 

EG&G, 1991e, Phase 11 Geologic Characterization Data Acquisition Task 2, Draft Shallow, 
High-Resolution Seismic ReJection ProJling, I n d i a  Street and West Spray Field Report, 
Department of Energy, Rocky Flats Plant, Golden, Colorado, March 1991. 

EG&G, 1991f, Final 881 Hillside Area Phase 111 Field Program (Operable Unit No. I )  Site 
Health and Safety Plan, EG&G Rocky Flats, Inc., April 1991. 

EG&G, 1991g, Geologic Characterization Report, Department of Energy, Rocky Flats Plant, 
Golden, Colorado, July 1991. 

EG&G, 1992a, 1990 Surface Water and Sediment Geochemical Characterization Report, 
Department of Energy, Rocky Flats Plant, March 1992. 

EG&G, 1992b, Phase 11 Geologic Characterization Data Acquisition Surface Geologic Mapping 
of the Rocky Flats Plant and Vicinity, Jefferson and Boulder Counties, Colorado, March e 1992. 

EG&G, 1992c, Phase I1 Geologic Characterization Data Acquisition Task 2, Deep Seismic, 
Draft Report for Department of Energy, Rocky Flats Plant, July 1992. 

EG&G, 1992d, Rocky Flats Plant, Drainage and Flood Control Master Plan, Prepared for the 
Department of Energy, Rocky Flats Plant, April 1993. 

EG&G, 1992e, Interim Measure/Interim Remedial Action French Drain Per$omzance Monitoring 
Plan, Department of Energy, Rocky Flats Plant, June 1992. 

EG&G, 1992f, Background Geochemical Characterization Report, Rocky Flats Plant, Golden, 
Colorado, September. 

EG&G, 1992g, Phase 111 RFI/RI Field Investigation, Rocky Flats Plant, Golden, 
Colorado. 

EG&G, 1992e, Report of Findings: Survey for Preble’s Jumping Mouse, Rocky Flats Buffer 
Zone, Jefferson Co., Colorado 

EPA (Environmental Protection Agency) , 1986, EPA Carcinogen Risk Assessment Guidelines, 
1986. 

Final Phase III RFURI Report 
EG&G, Operable Unit Number 1 
cg&g\oul\rti-ri\sffi~8.jm 

Jmc 1994 
Page 8-5 



EPA, 1987a, Data Quality Objectives for Remedial Response Activities: EPA/54-/6-87/003, 
OSWER Directive 9355.0-7B) March 1987. 

EPA, 1987b, DRASTIC: A Standardized System for Evaluation Ground Water Pollution 
Potential using Hydrogeologic Settings: EPA/600/2-87/035, April 1987. 

EPA, 1988a, Guidance for Conducting Remedial Investigations and Feasibility Studies under 
CERCLA, Interim Final: EPA/540/G-89/004, OSWER Directive 9355.3.01, October 1988. 

EPA, 1988b, Laboratory Data Validation Functional Guidelines for Evaluating Inorganics 
Amlytes, Hazardous Site Evaluation Division, July 1988. 

EPA, 1989a, Risk Assessment Guidance for the Supe@nd Program Volume 11: Environmental 
Evaluation Manual: EPA/540/1-89/001, March 1989. 

EPA, 1989b, Risk Assessment G u i h c e  for Supe@nd Volume I: Health Evaluation Manual 
Part A, Interim Final: EPA/540/1-89/002, December 1989. 

EPA, 1989c, Ecological Assessments at Hazardous Waste Sites: A Field and Laboratory 
Reference Document. Washington, DC. 

EPA, 1990a, Guidance for Data Useability in Risk Assessment, EPA/540/G-90/008, 
Directive 9285, 7-05, October, 1990. 

EPA, 1990b, National Oil and Hazardous Substances Pollution Contingency Plan; Final Rule. 
40 CFR Part 300. 

EPA, 1991a, Health Efects Assessment Summary T i l e s ,  Annual FY-1991, OERR 9200.6-303 
(91-1), PB91-921199, Office of Emergency and Remedial Response, Washington, D.C., 
1991. 

EPA, 1991b, Fact Sheet, Estimating Potential for Occurrence of DNAPL at Superfund Sites. 

EPA, 1992a, Groundwater Handbook, 2nd ed., Vol. 1 and 2, Office of Research and 
Development, Center for Environmental Research Informatian, Government Institutes, Inc. 

EPA, 1992b, Integrated Risk Information System (INS), 1992. 

EPA, 1992c, Health Efects Assessment Summary T i l e s ,  OHEA KOA-CIN-821, Office of 
Research and Development, Washington, D.C., 1992. 

EPA, 1992d, New Interim Region IV Guidance, Atlanta, Georgia. 

EPA, 1992e, Framework for Ecological Risk Assessment, February 1992 Draft, EPA 630/R- 
92/001. 

EPA, 1992f, Ecological Risk Assessment Projects, BTAG Forum, Vol. 2, p. 1. 

Final Phase III RFYRI Report 
EGBrG, Operable Unit Number 1 
eg&g\oul\rfi-ri\scc~8.jun 

June 1994 
Page 8-6 



EPA, 1992g, Guidance on Risk Churacterization for Risk Managers and Risk Assessors, F.H. 
Habicht, II, Memorandum. 

EPA, 1993a, Integrated Risk Information System, (IRIS). 

EPA, 1993b, Health Efects Assessment Summary Tables, OHEA ECOA-CIN-821, Office of 
Research and Development, Washington, D.C. 

Faure, G., 1991, Principles and Applications of Inorganic Geochemistry, MacMillan Publishing 
Company, New York, p.626. 

Freeze, R.A. and J.A. Cherry, 1979, Ground Water, Prentice-Hall, Inc., Englewood Cliffs, 
New Jersey, p.604. 

Gilbert, T.L., C. Yu, Y.C. Yuan, A.J. Zieler, M.J. Jasko, and A. Wall0 III, 1989. A Manual 
for Implementing Residual Radioactive Material Guidelines, ANWES- 16O/DOE/CH/8901. 

Hakonson, T.E., 1975, "Environmental Pathways of Plutonium into Terrestrial Plants and 
Animals." Health Phys., 29:583. 

Hem, J.D., 1985, Study and Interpretation of the chemical Chracteristics of Natural Water, 
USGS Prof. Paper 2254, Third Edition. p.263. 

Hodgin, C.R., 1983, A Receptor-Based Technique forDetennining Impacts of wind-Resuspended 
Particulates: RFP-3362, Rockwell International, Rocky Flats Plant, Golden, Colorado. 

Hodgin, C.R., 1984, A Model for Asymmetrical Plume Growth and Dispersion in Compla 
Terrain, Fourth Joint Conference on Application of Air Pollution Meteorology, Portland, 
Oregon, American Meteorological Society. 

Howard, P.H., R.S. Boethling, W.F. Jarvis, W.M. Meylan and E.M. Michalenko, 1991, 
Handbook of Environmental Degradation Rates, Lewis Publishers, Chelsea, Michigan, 
p.725. 

Hun, R.T., 1976, Hydrology of a Nuclear-Processing Plant Size, Rocky Flats, Jefferson County, 
Colorado, U.S. Geological Survey Open-File Report 76-268. 

Hulzebos, E.M., Adema, D.M.M., Dirven-van Breemen, E.M., Henzen, L., van Dis, W.A., 
Herbold, H.A., Hoekstra, J.A., Baerselman, R., and van Gestel, C.A.M. 1993. 
"Phytotoxicity Studies with Lactuca sativa in Soil and Nutrient Solution. I' Environmental 
Toxicology and Chemistry, 12: 1079-1094. 

IAG, 1991, Federal Facility Agreement and Consent Order (Interagency Agreement), for Rocky 
Flats Plant, Colorado Department of Health (CDH), Department of Energy (DOE), 
Environmental Protection Agency @PA), January 1991. 

Final Phase El RFI/RI Report 
EG&G, Operable Unit Number 1 
eg&g\oul \rfi-ri\scc-8.jun 

Jmc 1994 
Page 8-7 



Illsley, C.T., 1978, Briefing on Buried Trenches, Rockwell International, unnumbered internal 
letter to M.V. Merkema, December 19, 1978. 

JEFFCO (Jefferson County), 1989, Northeast Land Use Inventory, Jefferson County Planning 
Department, Golden, Colorado, revised February 1989. 

JEFFCO, 1990, North Plains Community Plan, Jefferson County Planning Department, Golden, 
Colorado, April 1990. 

Johnson, C.J., R.R. Tidball, and R.C. Severson, 1976, Plutonium H m r d  in Respirable Dust 
on the Sur$ace of Soil. 

Johnson, P.C., and R.A. Ettinger, 1991, Heuristic Model for Predicting the Intrusion Rate of 
Contaminants into Buildings, Environmental Science Technology, Vol. 25, pp. 1 4 5 -  1452. 

Jury, W.A., D. Russo, G. Streile, and H.E. Abd, 1990, Evaluation of Volatilization by Organic 
Chemicals Residing Below the Soil Suflace, Water Resources Research, Vol. 26, No. 1, 
pp. 13-20. 

Jury, W.A., W.F. Spencer, and W.1. Fanner, 1983, Behavior Assessment Model for Trace 
Organics in Soil: I. Model Description, Journal of Environmental Quality, Vol. 12, No. 4, 
pp. 558-564. 

Karickhoff, S.W., 1984, Organic Pollutant Sorption in Aquatic Systems, Journal of Hydraulic 
Engineering, Vol. 110, No. 6, pp. 707-735. 

Keck, J., R.C. S k s ,  M. Coover, K. Park, and B. Symons, 1989, Evidence for cooxidution of 
polynuclear aromatic hydrocarbons io soil, Water Res. V.23, No. 12, pp. 1467-1476. 

Kirchner, T.B., 1993, "Statistical Models. 'I In: Ecological Risk Assessment and Management, 
A Five-Day Short Course (June 7-1 1, 1993). 

Krey, P.W., and E.P. Hardy, 1970, Plutonium in Soil around Rocky Flats Plant, Atomic Energy 
Commission Report HASL-235. 

Lawton, 1988, Personal Communication. 

Leeendre, G.R., and D.D. Runnells, 1975, Removal of Dissolved Molybdenum from 
Wastewaters by Precipitates of Fem'c Iron, Environmental Science and Technology, Vol. 9, 
August. 

Liator, M., 1992. Personal Communication, EG&G. 

Lyman, W.J., W.F. Reehl, and D.H. Rosenblatt, 1982, Handbook of Chemical Property 
Estimation Methods, McGraw-Hill, New York, 1982. 

Final Phase IKI RFYRI Report 
EG&G, Operable Unit Number 1 
eg&g\g\oul\rfi-ri\aec-8.jm 

June 1994 
Page 8-8 



McCarty, P.L., M. Reinhard, and B.E. Rittmann, 1981, Trace Organics in Groundwater, 
Environmental Science and Technology, Vol. 15, pp. 40-51. 

McFarland, M.J., and R.C. Simms, 1991, Thermodynamic Framework for Evaluating PAH 
Degradation in the Subsurface, Ground Water, Vol. 29, No. 6, pp. 885-896. 

McKinley and Jenne, 1992. 

Montgomery, J.H., 1992, Groundwater Chemicals Desk Reference, Vol. 2, Lewis Publishers, 
Inc., Chelsea, Michigan, p.944. 

Montgomery, J.H., and L.M. Welkom, 1990, Groundwater Chemicals Desk Reference, Lewis 
Publishers, Inc., Chelsea, Michigan. 

Ohio EPA (State of Ohio, Environmental Protection Agency), 1988. Biological Criteria for the 
Protection of Aquatic Life: Volume I: the Role of Biological Data in Water Quality 
Assessment. Ecological Assessment Section. Division of Water Quality, Planning and 
Assessment, Columbus, Ohio. 

Olsen, R.L. and A. Davis, 1990, Predicting the Fate and Transport of Organic Compounds in 
Groundwater, Part 1, Hazardous Materials Control Conference, Washington, B.C., 1990. 

Owen, J.B. and L.M. Steward, 1973, Environmental Inventory - A Historical Summation of 
Incidents Aflecting Soils at or near the U.S. Atomic Energy Commission Rocky Fluts Plant, 
Dow Chemical Company, Rocky Flats Division. 

Peltier, W., and C.I. Weber (eds), 1985, Methods for Measuring the Acute Toxicity of Efluents 
to Freshwater and Marine Organisms, Third Edition, Environmental Monitoring and Support 
Laboratory, EPA, Cincinnati, EPA 600/4-85-013, p.230. 

Poet, S.E., and E.A. Martell, 1972, Plutonium-239 and Americium-241 Contaminution in the 
Denver Area. Health Physics, Vol. 23, Pergamon Press, pp. 537-548. 

Putzier, E.A., 1970, A Summary of On-Site Radioactive Waste Disposal, Dow Chemical 
Company unnumbered report, April 22, 1970. 

Rockwell (Rockwell International), 1986, Resource Conservation and Recovery Act Part B - 
Post-closure Care Permit Application, Department of Energy Rocky Flats Plant, Hazardous 
and Radioactive Mixed Wastes, Department of Energy, unnumbered report. 

Rockwell, 1987a, Drafr [Phase I] Remedial Investigan'on Report for High Priority Sites (881 
Hillside Area), Department of Energy, Rocky Flats Plant, Golden, Colorado, July 1987. 

Rockwell, 1987b, Resource Conservation and Recovery Act Part B - Operating Permit 
Application, Department of Energy Rocky Flats Plant, Hazardous and Radioactive Mixed 
Wastes, Revision 1; Department of Energy, unnumbered report. 

Final Phase JlI REVRI Rcpoa 
EG&G, Operable Unit Number 1 
cg&g\oul\rfi-ri\scc~8.jun 

Junc 1994 
Page 8-9 



Van Horn, R., 1972, Suflcial and Bedrock Geologic Map of the Golden Quadrangle, Jefferson 
County, Colorado, U. S. Geological Survey Miscellaneous Geological Field Investigations 
Map I-761-A. 

Vogel, T.M., C.S. Criddie, and P.L, McCarty, 1987, Transfomtion of halogenated aliphatic 
compounds, Environ. Science and Technol, Vol. 21, No. 8, pp. 722-736. 

Wischmeier, W. H., and D. D. Smith, 1978,..€?e&cting Rainfall Erosion Losses - A Guide to 
No. 537, U.S. Department of Agriculture. 

S-AREA: An Enhanced Version of MlLDOS 

Conservation Planning, Agricultural H 

Yuan, Y.,  J.H. Wang, and A. Zielen, 1989, 
for Large Area Sources, ANJES-161, kgonne National Laboratory, Argone, Illinois. 

Final Phase IIl WRI Report 
EG&G, Operable Unit Number 1 
cg&g\g\oul \rfi-ri\scc-S.jm 

Junc 1994 
Page 8-1 1 



- -  
/ -  

I 

I 
I 

, '  

\ 

\ 

I 

W 

I 

\ 

\ 

\ 

/ 



1 m 
I 
dl 
Q, 

tln 
s 
tz 7 7  

b c )  o m 0  

FI 0 
Ln 
0 

I 
0 
ov) 
- 0  wz= 

- ,. 

d 

- 
In 
0 

LD 
I 
0 
a 0 - I  
- 0  
v v  

7 

o z z  w r a  

v ) m v I  z m z  v ) v ) v ) v ) \ L  
z z z z a  

* 
c) 
N 

v) 
v) r 0 

m 
4 

c 
0, 

0 

c, 
I 

/ 
/ , 

I 
I 

/ 

/*' 

E 
3 
- @  
c c  
O @  

- 0 -  
a + - I  
5 3 :  



i I 

x u  O K  

G o  

u B 

1 

h; 

.. 
0 
7 

a b  
r) 
m 
In 

NO llVh313 

z c  y-u 



9 
F " 

M - 

Q) 
k 
3 
M 
k 
.A 

I 
9 

E E E E  
e 2 e 2  
c c c -  

I 
I 

II II II It 
o n  o w  

Y 
0 
C 

6 
n 
0 
Q 
& 

z 
0 
F: a z 
4 
& 
X 
w 

- 
0) > 
e 
c3 

W 
C 

31 

I 1 I I I I I 
m b 

In 
o, 
In 

b 
b m 
In 

b 
r) 
Q, 
In 

b - 
m 
ln 

NOllVA313 



c\1 

h 

I 

c 

b 
In 
a 
In 

b 
d- m 
a 

b 
rs) m 
a 

- 
0 
c\I m 
In 

b 
7 

m 
a 

b 
0 
0, 
In 

b rn 
a3 
In 

N OllVA313 
z 
0 
F 
4 

5 e 
X 
w 

0 ,I; v, 0 

0 
c 

E e 
.I- 

o) 
L 
0 
cn 
n 

E 
0 

II 
0 

c e 

Y c 
E3 
s g  

I I  

e 



2 
m 
II 

I- 
n 

I s 

b 
d- 
0, m 

b 
M 
0, m 

b cv 
Cn 
Y, 

b - 
a m 

b 
0 
0-J m 

b 
Cn 
a3 
Y, 

b 
a3 
a3 
rT) 

II II 
o n  

.u 
0 
C 

N OllVA313 CI 
-0 
W 
0 Y 

e z 
a 
v) 

W 

I : I :  
: I : I  

. I : I  
I : I :  j : I : I  

x w  - 
m x 0 t 

a G 



-3 - 

5 
CY 

B 

0 0 - 0 - 9 :  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
\ 
\ 

.c 
L .- n 

. -  

\ L 

v) 
v) 

I 

\ 

i \ 0 
0 0 0 0 0  
G c U O v , O  
o o m m m  
oooocu 

c 
0 L.- 

L+ 
o w 0  
GEL 

\ / 

I 

I 

I 



+ 

L 1 -i/ 

I 

% 

X E 2 

3 

I 
!, 

\ 
i 

\ 
\ 

i 



D 0 

9 
9 
N 
Y 

+ 
B E 
a 



I 
/ 





e 



A 

I 

0 
N 
I * 

Q: 
F 

e 
n 
c 

I i 









i- 

\ 
\ 

I 

I 
-4- 

i 

000'LtL f.i 







I 

I 

I '  
I I '  

w 

k 0 4 

s m  

K 

\ \  g 
\ \  = 

0 

\ \  

I 
/ I 

11 000'LPL N 
I !  000'8PL N 



I 1 
i 
I 

i - 

\ 

\ 

\ 

\ 

\ 

\ -  
\ 

\ 

\ \ 

I 

I 



0 
in 
Y .- 



\ '  a m o  



L 

c. 
W 

s 
c 
W 

0 
n 



9 

3 
3 

2 
a, 
9 
N 

w 

-- 
/-  

I 

I 

I 

\ \  

\ 
8. 9, 

\ 

i- 

A 

* \  
c y .  N - '. 

I 

0 m m 
c 

I 

I 
I 9 e O o o + a o  I 

\ \  
\ \  

\ 

I 

i 

000'LPL N I 000'8PL N / 



b 
I-- 
o, m 

g 
o, 
u3 

b m 
o, m 

b 
d- 
o, 
L n  

b 
r) 
o, m 

b cv 
o, m 

I I I I I 

B 
nn zz 
I I  

n I * 

z 

4 z 

e 
X 
W 

s 
4 

I- 

b 
In 

: z: 

[ 
\\\ 
\ \ \  

W c 
0 
rn 
i 
v) 

Y 

.- 

X W  o r  
- 
8 6 ,  

x 0 
b 
u 6 

"0 .- 
CD 
In 

NOllVh313 



n 
c 

I 
ii 

b 
Y, 

3 

* 
c3 
I * 
Q) 

M 
s 
iz 0 

3 6  

cd 
3 
0 

E-c 

.d 
d 

a 

84 

w c 
0 
L m 
3 
i3 
.- P 
v) 

0 c 
0 
m r 
v) 

L 

.- 
I 

I- 
4 z 

e 
X 
W 

0 

4 
I I I I I 
b 
rc) 
0, 
In 

b 0 cv 
0, 
In 

c 

in 
In 

NO llVA313 



b 
(D 
Q, 
ID 

b m 
Q, 
ID 

b 
M m m 

- 
0 
c\I 
Q, 
ID 

b - 

I$ 
n rr) 

Y 
3 
3 
I1 
n 
o 4 

h 
s 
G * 

0 

b In m 
ID 

b * m m 
b 
M m m 

b 
hl m 
ID 

N 0 llVh313 



-r a 

8 
!2 

a 

cy L 
w 

[ \\\  

z 
0 
+ 
z 

- 
a 

4 e x 
W 

r I I I I 
b 
r) 
0, 
rc) 

b 
c 

NOllVA313 

- 



b 
rT) 
Q, m 

b 
d 
Q, m 

b 
r) 
0, m 

b 
N 
Q, m 

t- L 9 

n n  n o  h 
0 

2> 
In 3 3 v) 

c 

W 

0 
m 
In 

7 

NOllVh313 



b a m 
In 

b 
In 
Q, 
In 

b 
d- 
% 

O I  

0 -L 

I I I 
0 
M e 

Q, m In m 
b 

NOllVh311 

I 

b 
N 
Q, m 

0 
d 
I 
d 
al 

ho 
5 
tz 

b 
In 3 Y v) 

4 e 
X 
w 



N 

w 

k 

IY 
w 
t 
-1 

Z 

v, 
t 
Z 
3 

- 

1 f s t r  

' \  
J \  

1 'I 0 





L f 

o o o o o c  
r - r - r - r - r - p  

0 
d 
N 



L 
a, 

0 

+ .- 
i 

VI 
U 
U 
0 

CY 

TI 
a, 
>. 
U 
a 

0 0 

0 
In 

v, 
L 
W + 
W 
I 
c3 

I 

I 

n 

x 
W 

i 

I '  



e 
a , m  + +  

s i  7 

0 
- 0  e 

0 

8 

+ 
8 
I& 

0 

.I 

0 

% 
W 
Y 
S 
0 

13 
W 
0, 
W > 

.- 
t 

+ 

-0 
t 
W 
v) 
v) 

- 
P 
c3 
U 
Q, 
X 
5 
0 
v) 
.- 
s 

c 
Q, 

W 

CJ 

I 
I 

Y 
L 

e 
i3 

4 
TI 
a? 

3 
v) 
+ 

n 
S 
U 
Q 
D 
W 
a, 
4 

n 
I 
v, 

+ 
- 

W 

z 

2 
z 
m 

U 

0 

0 
t + 



0 0 

0 
Lo 

In 
I 
a, + 
4 
0 

A: 

I 0 
0 
M 

0 
9 

c 
0) 
aj 
L 

0 

rv, 

cn 
m 
E .- 
IL .- 
3 
m 

1 

I 





- 

w 

z 

z 

z 

I 
i 

- 

n 

- 

n 

- 

C 0 
P 6 

4 E C 

- 

i 

T 

2 
b 
D C - I 

i 1 

v) 

-I- 



I 
I 
I 

1 

1 

I 

I 

i 
i 

t 

0 
0 

.t 

I 

0 
h 
- w  
m u  
d 3  

0 
m 
9 

I 

0 
0 

d 

d 

- w  
3 s  

0 
0 

0 
4 

I 

Lo 
b J  
- 0  m u  

0 
0 

a, 

I 

Lo 
b-I  
- 3  
b U  - 
0 
0 

(u 

I 

0 
0 -  
- c  
9 L  

v 4  

- 

0 
0 

a 
I 

ln 
b -  
- c  m i  
7 

0 
0 

cu 
I 

ln 
b -  
- E  

--rt 
7 

0 
0 

9 

I 

0 
0 .  

- c  
o c  

a 
p i t  

0 
0 

m 

I 

0 
b 
-v) 
bu 
4 3  

r( 

0 
0 

Q 

I 
0 
b 
- J  

0 0  
-.u 

0 
0 

a, 

I 

4 

- 

4 

91 Y 

A I  
4 

n 
c9 
a 
v 

0 
\D 

Lo 

I 

4 

n 
p1 
a 
U 

O I  0 

2 g  
--I  

0 
b 

0 

I 

0 
0 

r( 

- J  

0 
Q\ 

4 
d 

I 

0 
0 
- J  o u  d u  

0 
m 
4 
d 

I 
0 
O J  
- 0  

w u  

0 

0 1 

n I 
PI 
a 
W 

n 
c9 
a 
W 

0 1  

a 
E e 

i mv) 
b2 

. 
h 

I 

> 
2 - I  
- 3  
D O  

n 
c3 
Q 
W 

n 
PI 
a 
W 

t o 
h 

PI 
0 
U 

ln 
. 4 a , r n b  

n 
PI a 
W 

i 

I 

i z  I I 
0 
0 

I 

I 

I 

n 
PI 
a 
U 

9 
m 
cu I 

0 
0 

0 
ru 

I 

0 
0 
- J  
0 0  
@ U  

0 0 0 0 0  
* d o 0 0  
00.40* 
O O W ~ L n  
o o H o & :  - - . .  

I 

0 
0 
- v )  * u  

cus 
I A 

Gi 
a 
W I n 

PI 
a 
U 

0 4  
o o o ( u m  
O O D O O  o o o o r u 4  _ _ - . -  

SD u3 \Dl 
cL)ooo 

0 1  I I 

- . -  '900, 

0 
0 

0 
4 

I 

0 
0- I  
- 0  

0 0  

so, 
+ a  
a x  
@I- 

- -  

n 

b 
a3 
a 
0 
I 
PI 

n 
p\ 
a 
U 

* *  
a o c u o  
O D - 0 "  * 

- 0  
0 1 0 1  

N 

I 

0 
O J  
- 0  9 o  

4 n 
m 
a 
W I 

0 
Q 

L n I  I 

0 
b 

d 

I 

0 
4 

0 

I 

0 

0 
0 

9 0 
0 

cu 
I 

I 

0 
0 - I  
- a  o u  

- -  
Lo, + a  
a x  
@I- - 

m 0 cu , I I 

I I 1 



1 

, 

2ru 
O O h N ( u  - o w 0 0  
o . - -  - v )  
1 0 0 0 - z  

fY e E 

g 
b 

f 

i \ 

I 1  I I 
n 
c9 

9 I n n n  
mLDm 
a a a  0 

II I I v w w  

4 
m 
(u 

1 -- 
0 

tu 

I 

d 

4 -7 
I , i - l l  

\ 
I r I ! I  I I  

I=: I 
0 
0 

rz 
1 

0 
-4J 

9 u  - n  

0 
r. 

* 
I 

;x) 
0 
II 
k 

X I  tu 

! 

7 7 d I- 0 

9, 
I 

0 
h 

/ 1 

c I 
C I 

0 
c) 

1 
7 

5 - -  

a 

c 

0 I 
0 
0 

1 7  0 
0 

9 

I 

0 
ov) 
- 0  

0 3  

0 
0 

ru 
1 



. . .  . . " -... . 

- 
0 
0 

t 

I 

0 
h 

- v 1  
m u  
4 3  

0 
0 

9 

I 

0 
0 
- m  
N U  
4 3  

4 

- 

4 

- 
0 
0 

0 
d 

I 

In 
h J  
- 0  m u  

0 
0 

0 
4 

I 

0 
Ln 

N 
I 

0 
0 
- v )  

- u  r, 3 

4 h 

p1 
a 
v 7 

I 

0 

0 
t 

m 

I 

0 

4 

d 

0 
9 

In 
I 

0 
0 

co cu 
I 

0 
t- 
- v )  
b u 
(u5 

0 
0 

a cu 
I 

0 
b 
- v )  

Lr) 0 
N T  

- 

0 
0 

aD 

I 
0 
0 ,  

4 
0 
0 

N 

I 

0 

U 

O J  
- 0  9 v  - 

0 
0 

a 
I 

13 
- J  
- 0  m u  

C 

2 -  
m a  

C 
m u  z -  

4 

I 

Lo 

0 
0 

t 

I 

0 
h 
- J  

0 5  - u  

d 

0 
N 
6 
I 

0 
0-l 
- D  

m u  - 
0 
0 

(u 

I 

0 

4 

0 - A  
- 0  

a 0  

! 

a 
0 
LL Ln o 

OD 

I 

0 
0 

U 

- J  

-u 
on 

0 
0 

0 
4 

I 

0 
O J  
- 0  

0 0  

0 
m 
In 

1 

n 
9 J  
- 0  n u  

h 

m 
a 
W 

L Y  E C  c 3  
0 1 3 d b d  
E - L L L O  a a 2 1 2 t -  0 

a 
m 
(u 

I 

0 \ 
0 

t 
0 
N 

0 
(u 

0 
(u 

I 

h 

m 
a 
W 

i 
3 

0 
t 

d 
0 
b 

N l T 7  7 

r 
cr. 
Q 
U 

i 3 * 
\ 
d 

I 

3 
3 
- J  u o  
-u 

h n  
PlP) 
a a  
w w  (u 

(u 

I 

0 

0 0 0 0  

3 
3 

3 
d 

I 

n 
\-I 
- 0  n o  

7 * 
m 
N 

I 

3 
3 

N 

I 

3 
3 J  
- 0  9 u  

d 

0 
\D 

Ln 
I 

In 
O J  
- 0  

m u  

0 
t 
d 

I 

In 
-1 
- 0  

4 0  

0 

0 
OD 

m 

I 

0 
ln 
- J  
m o  - u  

0 
0 

0 

I 

0 
0 

4 

- 

4 

- - J  

2,o 

is I 0 
0 

ru 

I 

0 
03 
- A  

.-0 
d V  

U I", I 1  7 

7 7  
a 

m 
(u 

m 
I 

0 
O J  
- 0  o v  - 

0 
OD 

4 

4 

I 

0 
O J  
- 0  
\Du - 

In 
N 
Ln 

I 

0 
O J  

Lou 
- a  
- 

0 
0 

d 

I 
0 
h 

O L  
- E  

0 
0 

N 
7 4 

I 

0 
a 
@ 
I 

v, 
mv) 
- 0  m 3  

0 
0 

v 

I 

0 
OD 
-vJ m u  

r.3 

rl 

- 
0 
0 

0 
4 

I 

tn 
b J  
- 0  m u  

n 
m 7 

0 

0 

a 
V T  

7 0  

0 
0 

cu 

I 

0 
o w  - v  
9 3  

4 

- 

0 
m 
10 

I 

10 
9 J  
- 0  

InU 

n 
P) 
a 
W 0 

b 
d 

-cuz . . . .  
\ 

0 
9 
4 

h n  
PIm 
a a  
v w  

I 



I o o o o o :  

I 
! 
1 

! 
I 

0 
0 

t 

I 

0 

d 

4 
I 

3 
3 

IJ 
I 

3 
3 
- v )  

2s 

n 
PI 
U 
v 

-7 
0 
0 
0 m e  0 

O o m m d  - 
0 0 0 0 d 0  

n 
PI a 
W 

fi 

m 
a 
W 

0 
QI 

m 

I 

0 
\D 

m I &  
d o (  

0 
0 

OD 

I 

0 
0 
- v )  

N U  
- 4 3  

r( 

- a  
- 

9 4  

- 

0 
m 
Q\ 

I 

In 
(ua 
-LA 

o€Y - 
0 
0 

(u 

I 

0 

4 

0 4  
- L b  

a h  

r 0 
L 

01 

w 
0 0  
- 0 . 4 4  

0 - . .  
I o c r i  i 

Oi 0 'FI W 0 

m m  0 4 o . + a  
oo\l)oo . - . -  - c  
00004; 

h 

PI 
a 
W 

n n  
lo I I PI07 a a  

w w  
0 
0 

Ih I n n  I 

I 1 
3 
O 

t 

I 

e 
n n  t 

m 
N . 

m a  
a a  
w w  

0 0 4 0  . . - - n o  
O O d O Z 4  

O v 
0 
N 

0 
0 

I 
0 
Ln 

d n 
07 
a 
W 

I 

0 
o m  
- 0  m 3  - 

0 * I  
- I  I 

0 
0 

Q\ 

I 

0 

77 

al 
a 
W 

Q 
m 
N I 

o, 
C 
6 

i 0  
/Tu 
P 

3 

9, 
I 

r 
n 
p3 
Q 
W 

m 
N O  
0 - I n 4  
- 0  . - a  
0 I A d z  

n 
PI 
a 
W 

n h  I 
PI07 
a a  
w w  

h n 
m m  
a a  
v u  

n h 

PI PI 
U 
U 

a 
W 



I 

I I 

i 

I 

i 
1 

c 
0 u 

D s 

I 
D 

0 
0 0 
0 

i 

0 

t 

I 

0 

'I 

- 
0 
0 

t 

I 

0 

N - 
0 

(u 

I 

0 

N U  

0: 

0 d  - 

0 
D 
m 
0 
0 
m 

" W  

0oo;n  4 H 
F ;t v) 

w o  
520 

N S I  01 H I 

m 

/ 

1 
W 

: I  I 
I 

D 
D >---- 

9'90'0 0 0 0 0 2  d 0 
t 

m 
I 

- J I  

0 
0 

I 
O I  0 I 

I :  I 

0 
0 

rg 

1 

/ Y  f 
t 

0 
r- 

g d  
0 
0 

3 
I 

0 0 

id 
0 
0 
0 

I 

c. 

3 
0 
0 

2 

0 d  
I 
0 

Q V  - 
0 
0 
al 

1 

n 

nL: 
'I?! - 
0 
0 

w 
1 

0 O I  

d l  I 
1 1  t c 

E %= a( 

17 I 



i 

I '  I 

i 
i 
. .  

I 
i 

I 

I - 

n 

c 
I 

: 

1 

1 

I 

, 
0: 

8 t 

'4 
Y) I I l  I -I 

m o  
a m n  

,?0?, 

===i 

c 

d I * 
Ir. 

I 
I I  I b 0 

C Y  
0 
0 

OD 
(u 

1 

0 
0 

t u  w 
- v )  

(ua z 

'4 
0 

(v 

I 

0 
m 

Euv 

0 
0 

t 
(u 

I 
0 
0 

i d  E 

ig y 
0 
0 

2 

Ligl  z 
I 

0 -  
r- 

- 0 1  N 

0 
0 

f; 
s 
0 
b 

N d  
- 0  

a CI 

0 

. - . .  

* 
1 

1 

I 

I I 
I I I I  f I 

'/ 

c3 3 
t 

A 
m 

I 5 
e c u""* 

I 

h m 
c " 1 

j 0  !N I I 0 
0 

t 

I 

0 
0 

0 
e 

I 

0 
O J  
- 0  

w v  - 
0 
0 

W 

t 

0 

rov 0 d  - 
0 
0 

a, 

I 

0 

0 d  
* v  - 

0 
0 

rD 
I 

0 

0 

01 

I 

? 

i 
= /  mi I I 

m 

0 
0 

2 
I 

m 

0 

n 
1 

a! 

I 
I 

a. 

3 
h 

L. 
.p I 

I $ 

D 
1 
s 
n 
I 

P) 

f u  ' d  

f 
oz2gz 
0 

1 I 

3 
0 

Ir 
I 

R 
f. 
I 

0 

o! 
4 
d 

I 
0 

3 

1 
Eil 

0 
w D ) Y ) w m  

1 a 
I 

D 
I 
D 

* v  D e l  

n 
I c 
Y 

m 

1 0 
0 

0 

I 

0 

m u  

I 

Yd - 
0 
o 
m 
I 

0 

t v  0d - 
0 
0 

* 
I 
0 

t u  0 2 :  - 
0 
0 
t 
I 

0 

L.. 

o i  (u 

t 

R 

0 
0 

t 

I 
0 

NU 
0d 

Ei 

/ I t n 

---7 -7 
h h  
m a  
6 3  0 

m 
D 

I 

2cn 
- 0  

0 3  - 
0 
n 
vi 
I 
0 
o w  - u  o a  

2 r 4  44 N"1 1 I 
. . . . - a  

0 0 0 4 - 2  --I 
0 
0 

* 
I 
0 
0 

o c  - 2  

n 

0 I O O a d  

'i] 6w 

a 

t 

c * I  

l a  I 



i 




